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This listing of claims will replace all prior versions, and listings, of claims in the application. 

1 . A method of forming a tubular liner within a preexisting structure, comprising: 
positioning a tubular assembly within the preexisting structure; and 

radially expanding and plastically deforming the tubular assembly within the preexisting 
structure; 

wherein, prior to the radial expansion and plastic deformation of the tubular assembly, a 
predetermined portion of the tubular assembly has a lower yield point than 
another portion of the tubular assembly. 

2. Tke-meihed^ela^^ the p r edetefmimd-fi o rtio n of t he4 u bu l ar asse m bl y h as a 

higher ductilit y and a l o w er y ield point prioi^^he-Fa^ial-expaRSfefi-aad- plast i c deformati on tha n 
afte^e^4ial-^yrpamio n an d p I as-tte-defefmatioRr 

2. An expandable tubular member comprising a steel alloy comprising, by weight 
percentage, the following: 

0.065 to 0.18% C. 

0.006 to1.44%Mn. 

0.006 to 0.02 % P. 

0.001 to 0.004% S. 

0.24 to 0.45% Si. 

up to 0.16% Cu, 

0.01 to 9.1% NL and 

0.02 to 18.7% Cr. 

&ahef^€&tity^ An expandable tubular member, wherein the yield point of the 

expandable tubular member is at most about 46.9 to 61.7 ksi prior to a radial expansion 
and plastic deformation-than ; and wherein the yield point of the expandable tubular 
member is at least about 65.9 to 74.4 ksi after the radial expansion and plastic deformation. 

4.-TheHqftethQd-~ef^FMr An expandable tubular member, wherein fee~pfedetefmine^ 
poftoR a yield point of the expandable tubular assembly has a l o we r yiet d-pomt-pno^te 
fee member after a radial expansion and plastic deformation than-afte fis at least about 5.8 to 
4flJ^mMerthan thejdiMimi^^ expaMabJ^J^^ member priorto the radial 
expansion and plastic deformation. 
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5. — T&e-fflettod-e^el aim 1 , An expandable tubular member, wherein the predet e 
poFt-iQR anjsotro py of the expandable tubular as-sefflbjy-has-a-l a rg e r inside-^iametef 
aftermember. prior to the radial expansion and plastic deformation than o th e r p ortions of the 

6. Th e meth o d of claim 5 , fu -rthef-eo mpr i sing: 

pesi-lienin§^©to 

fetation to t h e tubular assem bly; and 
radiaWy^x^andi-ng^ 

preexfeting structure! 

w-hefeinr^fior^o^e-r-adlai-expansion and p l aefe-deformatie n o f t he-tu buiar-a -ssembl-y-r-a 
p r e d e t ermined-portion o f the-otbe r tubuiar^aese mb l y has^a4ower-y4e l d poi nt th an 
another port i on of th e other tubular ass e m bly^ 

1-. T+KBH^ethed-©^ 

p last i c aHy-~defo rmed oth e r p or ti on o f th e4ubul a r ass embl y is e q u a l to t h e i ns fde-d4ametep-o£4he 
radial4y-expanded-^and p l asfeally d ef o r m ed ot h er porti o n o f th e other t ub ul ar as s e mb l y . 

> an o nH n n r ti r\n nf f Ha f t iHi tl. Q r .Qc.cQm.h l\ y 

9, Th^met^od^^taim^Vwhe re i n the predetermined p o rtion o f th e-tubular asse mb l y 

Gomfirises^a-pfufal i ty o f p r edete rm i ne d p o r ti o ns of t h e tubular asse m b ly . 

4-0, T h e m e t hod of cl a i m 1, wh e r ei n t he prede t erm in ed po rti o n o f th e t ub u l ar as s e mbl y 

eoR^iee^-^phjfatlty-of^paoed apart predetermined portions-ef the t u butar^ssem^tyv 

44~. The-method-o f cla i m 1 , whereifrthe^t-b-er po rt ion^f4^e4^bu-taf-a€sembly comprises-an 

efid-pertiefH9f4he tu b u l a r ass embly . 

12, The meth od-^^tamPt-1-r^ c om p ris es a 

plwati-ty-o^othe^portio- n s of the-kibular-as-semblyr 

4& The^ethed^elafm^r^ o f-tbe4ubuJar a ssem b l y co m prises a 
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plurality of s p ac ed a p a rt o t hepportiens^ 

44, The method o f claim 1 , wherein th e tubu lar assembl y compris e s a pl ura l ity of tubutef 

members coup l ed to one another by corresponding tubular couplings. 

-1-§t The method of claim 14, where i n the tub ula r cou p l ings compris e the prede t erm i ne d 

po rtio ns of th e4u^BtePa^e mbly; an -d^&her e in th e tu b u lar membefs-Gomprise th e o ther portio n 
0f-4he4ybwlar-assembJyr 

4& T he m e th od of c l aim 14, wherein on e or mor e of the tubular couplings comprise the 

p re de t e r m in ed-peFtoRS-of4l^ 

4-7, The-ffletted-o^slalffl 1 4 , w hefein one or mQFe-Qf4he-t^utef-fflembef^€9fflpf-ise-t-he 

predetermined-p ort io ns o f t h e t u bu l a r a ss e m bly^ 

4& The-metho d of cl alm^T^efeifPthe predetermined pertion o f the tubulaf-assemfety 

defi n es o n e o r mor e o peftfflfSr 

4ft Th e met ho d of c l aim 1 8 , w here in on e or m o r e o f th e~epe nings comprise-steter 

2& Th e me t h od of claim 1 8, wh e rein th e anisotropy for the predetermined portion of the 

tubular assembly is greater than 1 . 

24-; The me tho d of c laim 1, wh e r e in th e aniso tr op y f or the pred et e rmin e d po rti on o f the 

tu b ular asse m bl y te-§feater4hafh4r 

22, TheHTOthod^^faifi^^ 

portion of the t u b u l a r as s e mbly is greate r th an 0.12. 

23, The m e th od o f claim 1 , w lweffHfcbe-afflse t ro py f o r the-pFedetemtfre d p o rt i o n o £-the 

predet ermine d portiQf^Q^the4ub^f-as&embly^is gr e at e r than 0 .1 2 . 

24^ Tbe-me-thod of cl aim 1 , w h-ereiff4he-^fedetermfned-partfon o f the tubular ass e mbly 

eompfteee^ffst-^teel^oy co m pris in g: 0. 0 65 % C, 4r44 % -Mn, 0.01 %-Pr0rQQ2^ S , 0.24 % 
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Si, 0.01 % C u, 0.01 % Ni, and 0.02 % C r. 

23-. The m e thod of claim 24, wher ei n th e yi eld point of the predete rmin e d p o rtion o f the 

febular-assem 

aft€Pv\*efeln4^ 

about 65.9-ks^te^e^^-ial-e-)4pa^siQf^and plastic-deformation 

2& Tbe~metbed o f el afR^47-w^emiff4he-yietd poin t o f t he-pfed-etar m i n ed portion~o£4he 

tu bular ass e m &ly-o ft er th e radial e xpa ns i on and plastic deformation is at least ab out 40 % 
greater than the yi e ld point ef-fte-^redeter-mine d portion of the-tubular assembly-pro^te-the 
radi a l e x pan s ion a nd plas ti c de f o r mation. 

27, The m et h od o f c l ai m 2 4-r- wh e r e in t h e an i s o tropy o f t he pr e d e t er m ine d p ort i on of the 

tubular as s e m blyr-prio^ d e formotierv-is-ab o ut 1 .48. 

2& The method of c laim 1, wherein t he predet e rmined-po rtion of t he tu bu l ar assembly 

comp ri s es a second s t e e l a ll o y comp r is i ng: 0.18 % C, 1 .2 8 % Mn , Q.017 % P, 0. 0 04-% S, 0.29 
0.01 % Cu, 0.01 % Ni, and 0.03 % Cr. 

OQ Xhp* m^thnH r\f piaim \A/hp* rp in thp \/i piH n nin t n f t hp nr^Hp^fprrnint^H nortion of thp> 

211^/: ITtv n t~rrrou u1 otatnlTCCTj v^rt^TxyrrX it 1 vTJ y i™ tt^ pytJiTTl \J\ it j™ yj\ c?VJC? Mill leva j^t/r trt?r1 t/1 LT T~ 

tubular asse m bl y is at m ost about 57.8 k si prior to th e rad ial-expansion a n d plastic de f ormation; 
and wh erein the yield poi n t of the pr e deter min e d portion of th e tubul a r ass e mbly is at l e as t 
ab out 74.4 -ks i af ter the rad-ia-l-exparrsiofi-and p la st ic deformationr 

3ft Tbe-^etbed o f cl a im 28, wher efrv4he^ieid-poffit^the-fire4ete rm i ne d pertior*-of4he 

tubular a s s e m b ly aftef#ie-^abiol-expa nsion and plast i c deform ati o n is at l eas^abou t 28 % 
gr^teiMfoafhtt^^ of the predetermined portion of tbe4ubu[a-F-assembl y prior^to-the 

r a dia l expan si on and plastic deformation . 

34, Tbe-metbo d o f cl airrr^Sr^ere4n4he^^ of t he p r e d e t er mi ned-^ortiort-o^the 

tubular-assembly, prior to th e ra4i-at~e xp a nsi on a n d plas t te-defor mati o n , i s ab o ut 1.04r 

32r. Tbe^ethed-of-oteim-^^ 

eemprises a t h ir d ste el alloy compris in g : 0.08 % C, 0.82 % Mn, 0.006 % P, 0.003 % S r&-3Q-% 
Si, 0.16 % Cu, 0.05 % Ni, a nd 0 .0 5 % Cr. 
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3& Th e method of claim 32, whe re in the a nisotropy of th e predet e rmined portion of th e 

tubular- as sembl y , prior to the radi a l expansion and plastte-deform at i on, is ab out 1. 9 2. 

34 TheHTtethed-ef-^^ pre d et e rm i ned porti on o f th e tu bul ar asse mb l y 

Gerrqmses-a^e^^ 0 . 02 % P, 0 . 001 %-~S r ftr45~% 

Si, 9 .1 % N i, a nd 18.7 % Cr. 

3§, T he m e th o d of cla i m 3 4 f w herein the anisotropy of the predetermi n e d p ort i on of the 

tub u laf-asse m blyr-pfto r to the radial expansion and plastte-defo r mation, is abeut4v34r 

3& T4^metfred-ofolajm-4^^ 

tub ul ar as s e m b ly is at most ab out 4 6 . 9 ks i p r i or to th e r ad ial expans i o n and-^testie-defermatiofH 
an<^-her^fn4^e-yield--peiRt of the predetermined-portion o f t he tub ul ar as s e m b ly i s a t least 
about 6 5 . 9-ks i-aftef-the-rad ia 1-ex-pa n s i o n and plast i o-deformatioRr 

t u b u la-t^assem-bl^a-fter 4he-ra^ d e format i on is at l e as t ab o ut 40 % 

greater t ha n t heyield-pei n t of th e p re d etefmffied-por tion of the tubul a r ass e mbly p r i or t o t h e 



The method of claim 1, wh e rein th e anis otropy of the predeter mine d portio n o f the 

tufe-ula-Fassemb I y , prior t o t he rad i al exp an sio n and plastic deformation, is~at-loas£afeo u t 1.48. 

3ft The-method of claim 1 , w herein the-yiel d point of the pr e detefmined p ortion of the 

tubul a r assembly is at most about 57.8 ks i prior to t h e r a d ia l ex pa nsi o n an d pl as tic de f o rmati on; 
a^d^A^ef^r^-^yield pofnt-of4he-j^edeteFfm^ at least 

about 74.4 ksi aft e r th e radi a l e xpansion and plastic deformation. 

4ft The-methe d o f clai m 1, wh er e i n-t h e yie ld p o i nt of th e pred ete rmined p o r ti on of th e 

tubular-assembly aft e r the r a d i al^xp ans len^af^plastio-de^ 2 8 % 

gfeateF-than-the-yie I d point o f the -pfedetefmin ed po r t i on o f t he4ubular assembly-pfi or to t he 
radlal^xpa^on^nd-piastte^efermatie^ 

44-. The-metbod^claim^^ th e anisotr opy o f-the predetermined p o rtion o f t he 
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tubular-as s embly, pBeF4o4heH=a4i^^ a bout 1.04. 

42r. Th e m e thod of clai m 1 , wh erein the a nisotropy of the p r ede t ermine d p o rt io n of the 

tu butai~ ass o m~bfyy~ prio r~~to~t h e— r ad \ a \~ oxp a n s i o n~ an d~ pla&tl c def© r mat! o n, is * - a t ~ I o ast-a b o u t~ 1—~9"2t 

43, The~-method of daiffl4r^Afoe^^ th e predetermined-portio n of th e 

tu&uten^asse mbly, prior t o t h e-ra4ialoxpan£ierf^ is a t le ast a bo ut 1.34. 

44; The m e thod of claim 1 , wherein th e anisotropy of the p r e determined po rti o n o f th e 

t-BbulaFassembly-rprior to the radial exparisioFHand-ptastte-defQrmatiQ n , ran g es fro m a b ou t 1.04 
to about lr92r 

4§, The-me t hod o f cla i m 1, w here i n the-yteld point of t he~pre4eter mi ne d porti o n of th e 

tub u l a r-assembly, prior to the radi a l ex p an s ion and p l as tic d e for m a ti on, ranges from ab eyMTrg 
ks i t o abo ut 61 J ksi . 

po rtion of the tubular ass e mb l y, prior to t he rad i a l^ex pansion and plastic deformation, is gr e at er 
than 0.12. 

47-. The-method-o f claim 1 , w herein4he~expafi-4ability coeffteient of th e predeter mi ned 

p ortion of the tubul a r asse mb ly is greater than the expandability coe ffici e nt of th e ot h e r portio n 
o f t h e tub u lar^assemblyT 

4& The-method-o f claim 1, wl^eirHthe4uhutef^sse m b I y co m prises-^weltbereoasingT 

49, The me t hoe^otola-i m 1 , w-he{^in4he-tubulaf^ssefflh[^oomprises a-pjpelmer 

§0, The method of cla i m 1 , wher e in t h e tu bu l ar assembly compris e s a struct u ra l s u ppo rt? 

§4-= A{^expafidable4uhula-r-member-GQmpfising a stee^aftoy-Gomprfsing : 0.065 % C, 4r44~% 

Mn f 0.01 % J* T Gm2r^$ T 4£^^ 0.01 and 0.02 % Cr, 

&2r. The tubul ar member of claim 51 , w he r e in a yie l d point of the tubu l ar m e m b er is at most 

about-4^r94<^f^ 
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53, The tu b ular member of claim 51 , wher e in th e^ie ld point of the tubu la r m e mb e r a ft er t h e 

radiaj-expansien^and plastic deformation is at leas^abouMQ-%-gfeateFthar^ 
the t ub ul ar memb er p r ior t o th e r adi a l ex pa nsion and pl as tic def o rmation . 

§4-. The tub ular m em b e r o f cl aim 51 , wh ere i n t hea nis o t rop y of the t u b u lar m e m ber, p rio r t o 

The tubular-member of claim 51 , wh er-eifvthe4ub ula r-mem b e r Gom prises a w ellbore 

eas i ng. 

T h e t u b u l ar member o f clai m 51 , w herein the tu bul ar me m be r co m p r i ses a pipe l i ne. 

§7, The t ub u la r me mb e r of cl aim 5 1 , wberein the tubular membef-ee mp r is e s a s t ru ct ura l 

s upp o rt . 

An e x pandable tu b ular member c om p ris i ng a steel a l lo y comprising: 0 .1 8 % C, 1. 28 % 

Mn, 0 . 0 17 % P, 0. 00 4 % S , 0 .2 9 % Si, 0. 0 1 % Cu , 0. 01 % - Ni, a nd 0 .03 % Cr. 

about 57.8 ksi prior to a radi al e x pansion and plastic deformation; and wherei n the yield point of 
the-t-ufeute^membeF-fs-aMeast about 7 4 r4-ksf-after the racial-expansio n an d ptaetie-de f o rma tiorb 

&Q-. — T h e t ubular member o f clai m 58 T w herein a yield point o f th e of the tu b u l ar member after 
a-^a4ial-ex pansi o n and p l a sti c d ef o rmat i on is at le ast abo ut 28 % g reater than th e yie l d point of 
the t ubular-membe r prior to th e r adi a l expansior^and p l ast i c d e fo rmation 

64^ Th e tu bul a r m e mbe r of claim 5 8 T w he r e in the an i sotropy of the tu bu l ar m e mb e r , pri or to 

a-radi a l ex pansierra nd pl asti c de f orm ati o n , i s ab ou t 1.04r 

6-2, T^^ubu la f-membef-o^airrv-S^ co m pri s es-a-we llb o r e 

ea&iftg-r 

©3, The tubu l ar m ember o f cl aim 58, w bere in th e-tubutaF-memb er c o m prises a pipeiiner 
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%A-. Tbe 4ubular member of claiffhSgr-wfoefei^^ 

s u pp o rt . 

6& AR-expaBdable4ubu lar m e mber co m p r i sin g a s teel alloy co mprisi ng: 0 , 08 % C, 0. 8 2 % 

Mn, 0.006 % P, 0.003 % S, 0.30 % S i , 0.16 % Cu, 0.05 % N i , and 0.05 % Cr. 

6& The4utewlaHT*em^ 

a radial ex pan s io n a nd plasti c deformation, is about 1. 9 2. 

6-7, Th e tub ular memb e r o f cla im 65, wher ein t h e tu bular m e m b e r comprises a we llb o r e 

t>CrCrn 1y t 

6S, The4ubuiaf -m embe r o f cl a im 65, whefein4he tubulaf-me m ber co mp ri ses a p i pe4fner 

§ft The tubular membei^Qf-Gl^^ a structbtfal 

supp o rt . 

70, An-expafi4able4ubul ar me m ber com pr i s i ng a st eel a ll o y co m p r i sing : 0.02 % C, 1 . 3 1 % 

MfV&£2 % P, 0.0 0 1 % S, 0.45 0 A^\r^rA^^^4A%^/^Qfr 

74, T h e tubul ar me mb e r of claim 7 0, wh e r ein the anisotropy of the tubular memb e r, prior to 

an^diat-expafisioR-^d plastic de f orm a tion, is about 1.34. 

72, The4ubular member of claim 70, wherein the tubular memb e r compris e s a-wellbore 

e asing. 

73^ T h e tubular memb e r of c l a im 70, w herein t h e tubular member comprises a pipel i ne. 

74, The4ubyaF-member of claim 70 , w bere in the tu b ul ar m em b e r c omprises a structu ral 

support 

7§, Afhexpaffdabte4ab^ th e yie[d^effvt-ef4be-exp andabl e ta bular 

membef4s-at-most about 46.94*si-p4ef4Q-^^ d e fo rmatio n; and 

wheffiH^be-^ietd-pomt-ef4he expaf^4able tubular membef-le-ai-teaet-about 6 5. 9 k&~afteFthe 
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radial expansion an d p last i c d e formation, 

The t ubular m e mber o f cla im 75 , w herein the tubular membe r co mpr i s es a w el lbor e 

The t u b u l ar memb er of da mn 75, v #^efejfhfee4ufeu{af-member com prises a pipel i ne. 

7& Tha-tufeytap-member of claim 75 T wherein the tufeM^rn?>embePGomp rise s a st r u ctural 

79, A n e xp a ndabl e t u b ular m e m ber, wh ere in a yi e l d p o in t o f the ex p and able tu bu lar m ember 

after a radial expafrsioi^nd-plastio^^ 40 % gr e at e r th a n th e yi e l d 

pom^ o f t he e x pand able tu bula r m e mb e r p ri o r to th e radi al e xpa nstefhan d plastic d e fe m^attoFhr 

80, Tbe tu bular m e mb er of claim 79 T j wherein tb e tubu la r m e mber compri s es a weltbofe 

c a sing. 

Tbe4ubutef4*}embej^^ia^ 

fi Q Xh £> it iHi \\^r tn&mh&r of pl.^im 7Q NA/hpr^ in t h p t i 1H 1 lir^r mpmhpr rnmnriQPQ £3. ct rupture I 

t7Z_ : r^rr'CU tcrWTXTCr? I { tc?l rtuci tn crrCrrrTi t Cf j VvrtxZ ten I U t~ ttrcrctixzn 1 1 let t lt/Cl o\z/t r lpr rOC?0 d vjlnrcnc? t o t ct t 

s-up^erfc 

m e m b er , p ri or t o th e^ : a€l4al-expanefQ^ d e f o rmatio fh-te-aUeas^about 1 .48. 

%4~. T h e t u bula r m e mb er of claim 83, wh e r e in the tubular m ember co m p r is e s a w ellbo re 

oasm§r 

86 The tubul ar m e mber of claim 83, wh e rein the tubular m e m be r comprises a p i pe l ine. 

§6-: Tb^-ubul af-membe r of c la im 83, w bereln4be4ubular m e mb e r eompftees-a-stfuoturat 

supports 

87- . An expandable tubular memb e r, wh ere in the yi e ld point of th e e xpandable tubular 

member is at most a bout 57.8 ksi prior to th e radia l e xp a nsion and p l astic deformation; and 
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wherein the y ield pehrt-ef4ke-expaflda^e4^ 7 4. A ks i after th e 

fa€liat-^paR^iQR-^R4-fita&t t c deformation, 

88- The tubular- m e mbe r of cl aim 87, wh e re i n the tubular m e mb e r co mp r ises a w ellbore 

casing. 

8& The tu bula r m e mb e r o f cl aim 87 , whem\F^&4^ r c o mp ri s es a p ip e lin e. 

SO, T h e tu bu lar m e mb e r of claim 87, wh e rein th e tu b ul ar mem be r co m pris es a str u ctura l 

•syppertr 

94, A n e xpandabl e tubular m e m b er, w herein the yietd^etot-of-the-ex pandable tubula f 

me mb e r aftef~a~fa dia l e xpa n s i o n an d pla stic def o rmation4s^Meas t a b o ut 28 % g r ea t e r than th e 
yield p oin t of4he~e-xpandable tubular-mem ber prior to th e r a4iaj-o x p ans i o frand~plasfe 
d eform a t i on . 

92, Th e-t-ub-u lar- membe r o f c laim 91 , wh e r ei n th e tubular mem befoompRses^a-welfeore 

cas in g. 

93, T-he-tub-u-lar-memfee r of claim 9 1 f w h e r e in the4ubutef--member-€Qmprises-a^ipelifie,- 

94 Th e tu b u la r m e mber of claim 91 , wh e r e in t he tubular member comprises a structur al 

supp o rt. 

m e mb er, prio r to the r a di al-expans i on an d p l asti c deformati on, is a t le ast about 1.0 4 . 

9& The tubul a r member o f cla im 9 5 , wher e in th e tubul a r m ember comprises a w el lbo re 

The~fab ul ar m ember o f clai m 9 5 , w hofeifrtbe4u^^ a p i peti-ner 

9& The t ub u l ar member of claim 95, wher e in the tubular m e mber comprises a structu ral 
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-99- Afve-xpaBdatele4ubu^^ 

fflemkeivpftQf^ plast i c d eformatio n, is at feast abo u t 1.9 2^ 

40O — Th e t u b u l a r me m ber of claim 99 , w herei n the tub ul ar m e m ber c omprises a w ellbore 

404: — The tubul ar m em b e r of cla im 99 , wh e r ein the t u b ula r m e mber c omp rise s a p i pe l ine. 
402. — Th e tubula r m e mber of clai m 99 , w h er e in th e tubular memb e r c o m p ri se s a stru c tu ral 

403; — Afl---ex~paftda^ 

member, pri or to th e rad ial-e xpansi o n and pl as ti c d e f o rmati o n , i s a t le ast abou t 1.3 4 . 

404. — The t u bula f-fRemfee r of c l a i m 1 0 3, w herein the tu bu l a r m e mb e r co mpri s es a-we-H-bore 
easimjr 




407: — AFV^4paf^atete4ub^iar-member, wh ere in the a nisotro- py o f th e-expan d a b te tubutef 
m e mbe r, pr i o r to t h e r adial e xp a ns ion an d p l ast i c d e f o rm a tion , rang e s fr om about 1.04 to about 
4^ 

408, — Th e tubular m e mb e r of claim 107, wh e rein the tubular memb e r comp ri s es a w ellbore 
ca s i n g. 

40ft — The- tubu l a r m e m b e r of-eiaim lOT r^vhe re i n th e tubu lar-me m b er c ompris e s a pipey-ner 

440: — The4y-bulaf-membe r of cl aim-IOT^where in the - tubula r m ember^^omp-rfses^a- str u ctura l 
support 

44-4: — An-expandable t ub -ulap-me m ber, w herein the y i e 1 d^Qfn4^f-the-ex-pa^dable44^b-u{af 
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member, prio r t o tfre^adia^-xpaRsie 
about 61.7 kslr 

442, — Tbe4ub^la^membe^Q f claim 111, wherein th e tubular me mber comprises a wellbore 

44-3-. — T h e tubul a r m embe r o f claim 111, w here in t h e tub u l a r m e mb e r c omprises a pipe l in e. 

444, — T h e t ub ular m e mb e r of clai m 111, wh e rein the tubular member compris e s a structu ral 
syppert744§T An expandable tubular member, wherein the expandability coefficient of the 
expandable tubular member, prior to the radial expansion and plastic deformation, is greater 
than 0.12. 

446, — T h e t ub ul af-member of cl a i m 115, wherein t h e4ufeMjlaf~fm^ 
c as i n g. 

447^ — The4ubutaFmember o f claim 1 15, whefeit^the-tubulaf-member comprises a^pellner 

448, — Th e tubular m e mb e r of c l aim 115, w here in the t u bu l ar mem be r comprises a structural 
suppor t. 

44-9tL An expandable tubular member, wherein the expandability coefficient of the expandable 
tubular member is greater than the expandability coefficient of another portion of the 
expandable tubular member. 

4-20, — The4ubulaf-membe r of cl a im 11 9 , w her ein th e t u b u l ar m embe r c omp ri s e s a-we llbor e 

GaS4f*€jr 

424-: — The tubulaf-member of claim 1 1 97-whe rein4he tubular member-comprises a-^ipeifner 
422, — Tfte4ubulaR^embeFO^eteiR^ 

423t|L An expandable tubular member, wherein the tubular member has a higher ductility and a 
lower yield point prior to a radial expansion and plastic deformation than after the radial 
expansion and plastic deformation. 

13 
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424-: — Tbe4ub-ulapmemfee r of cla i m 123, wherein th e tubu l a r mem be r c o mpri s e s a w e l feofe 
42& — The4ubulaHRAembef^^ 

42& — The tu bul ar m e mbe r of claim 12 3 , w herein the tu b ul ar m emb e r compris e s a s tru c tu ra l 

457t|L A method of radially expanding and plastically deforming a tubular assembly comprising 

a first tubular member coupled to a second tubular member, comprising: 

radially expanding and plastically deforming the tubular assembly within a preexisting 

structure; and 

using less power to radially expand each unit length of the first tubular member than to 
radially expand each unit length of the second tubular member. 

42& — T h e m ethod of cl ai m 127, w h er ei n t h e tubula r m e m ber co mp r is e s a wel l bor e ca^mgv 

429, — The met h od o f c laim 127, wh e r e in the tubular memb e r com p rises a pipelin er 

+30, — The m e th od-o^d aim 127, wher ein the t u bu l ar me mber compr ises a st ru ctu ral s upp ort. 

434, — A~system4efH^^ 

meafvs f o r radia^expaf^ffig4l^^ a preexisting structure; a nd 

meafts for using-less powef-to radially-e^pand each LR4t4efKgth of the first tubulaf 

me-mbef4han t o rad i al l y e xpand e ach un it-le ngth of the se co nd tubular memtee-fr 

432, — The-system-of-G^ 

1.^ 1 \A /hprp>i n thp tn hnl.^r marnhpr rnrnnri ^p^. r3 n inplinp 

h-wher e in the tubular me mber compri ses a str u ct ur al su p port 

435r10. A method of manufacturing a tubular member, comprising: 

processing a tubular member until the tubular member is characterized by one or more 

14 
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intermediate characteristics; 
positioning the tubular member within a preexisting structure; and 
processing the tubular member within the preexisting structure until the tubular member 

is characterized one or more final characteristics. 

-1-3§, — The^ethed^TcIa-^ 

437. — The-me thod of claim 135, wher e i n t he tub u lar membeE-Gemprises a pip e li ne , 

44& — The-met-hod-of-ela im 1 3^whefeif^the4u a structurat-sypportr 

4S9t — The m et h o d of cla i m 1 35 , whe reift4he preexis^g-stm ctu re comprise s a w e l l bore that 
t-fa-vefses-a-subter-ra-Rea^-fefm-a^onT 

440, — Th e method of d amn 135, where in th e characteristics are sel e c t ed f rom a g foup 
y ield p c 




Liocrrry uciur 



war-mei 

7i iv? t7l 1 i 1W I v!> rr 

lu L/L-l ten rl^~rritc/ 




44^41 . An apparatus, comprising: 

an expandable tubular assembly; and 

an expansion device coupled to the expandable tubular assembly; 
wherein a predetermined portion of the expandable tubular assembly has a lower yield 
point than another portion of the expandable tubular assembly. 

443-: — Tbe-appafatus-ef-ete^ 
devic er 

AAA-. — T h e apparatus o f claim 142, wjweiR4h^-&xpa^^iofi-devi ce co m prises a n axiatiy 



445-: — The-appafatBS-of-elaim 142, whefein4he^pa^s-fQf^-deviGe-€Qmprises a re^i-pfeeafag 
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expansio n d e vic e . 



44& — Th e app aratus o f cl aim 142, w be r e in th e-expanslon d e v-f ee-Gomp-rise^a hydroforming 
e x pansion deviser 



4-47-. — Th e ap parat us of-elaim 142, vv^efeln-fee-expafiSfQ^-de¥i ce comp rises an i mpu l s i v e force 
expanstefhdwteer 



44& — The appar atus of cla im 142, wherein the predetermined po rtion of th e tubular assembly 
has^hj§hef-€hd€tillty-afi 4-a-lowe r yi e l d p oifrt4hafha^othef-portion of the-expa n dable tubular 
assembly 

44ft — The-apparatus of c laim 1 4 2, wh er e i n the predeterm in e d p ort io n of t he tubular as se mb ly 
has a h i gher d uctil ity tha n another portion of4-he-expaa4abje4ubula r assembly^ 

45& — The-appa r atus of claifB442 r wherein th e p re de t e r m i ne€l^ s s e mfel-y 

4S4~. — The apparatus of c l ai m 1 4 2, wh e r ei n th e pr ede t e rmin ed porti o n o f th e t ubu l ar as se m bly 

rnmnriQPP; AnH nnrtinn nf thp> tnhi il^i r £>QQ£^mKl\/ 

452. — Th e app aratus of cl aim 142, w herein the predetermined po rtion o f the tubular assemb ly 

aertier 



compris es a p lu r alit y of space d a part prede t e rmin ed port i o ns of t he tubu lar a ss e mb l y 



4-54 — The- appa rat us o f claim 14 2 , w herein the other portion of the tubular ass e mbly comprises 
af^ef}4^ertiof^^ 



455, — Tbe^p^fatus^Main^^ 

45& — The apparatusHaf-elaff^l^ as se m bly comprises 

a^lwalrty^^s^ced^af^tlw^ftians of th e4ubula^assemb^yr 
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4-5-7, — Tfre-apparatys-eE-Glajm 142, whefeifHthe4u-bBl3r ass embl y comprises a plurality of 
tubular members co u ple d to one a nother b y co rr e s po n ding tubular couplings. 

4-S& — Th e a ppa fa tus of cla i m 157 , where i n the tub u lar c oupl fR§s-oem pr i s e t h e p re dete rmined 
porttens-e f t he t u butef-asse mbly ; a-ftd-A^erei n t h e tub u lar-membef s-Gompr i-se the o-the^ertion 
o f t he tubul ar^assemblyr 

ASQ~. — Th e apparatus of claim 1 57, wh erein one or more of t h e t ub u lar couplings co mpr i s e t he 
predeter m i n e d portions of the tubu l ar assemb l y. 

— The appa ratus of cl aim 157, wh e r ein on e or mor e of the tubular m e mb e rs comprise the 
predete r m in ed porti o Rs-o£4l3e4u-b u l ar as sembly 

4-S4-: — Tfre-appafaias of claim 14 2, wherein4he-^detefmfned--portion of th e tu bula r ass e mbly 
defines on e or mere-epenings. 

1 Th p n nnarafi iq of oi.Qim \A/h<^r^in fhp^ .QniQotron\/ for tHp> n r^H^ t prminpri n o r f ion of IHp 

tu b u l ar assemb ly i s great e r than 1. 

4-64-; — T&enappafafcis o f clalm- 142, wher e in tfo e-afflse fropy f or t h e predetermined-pertien of th e 
tu bul ar as s e mbl y i s grea t er t h a n 1 . . 

4-&S, — T h e app a r at u s o f clai m 142, wherein the strain har dening ex p on ent for th e 
predeterm in e d portion of the tubul ar a s semb l y is g r ea t e r th an 0.12. 

4-§& — The appa ratus of claim 142 , wherein the anisotropy for the predetermin e d portion of the 
fobula^assemkly4si^ 

predete rm i ned port i on of -the-fa&ular assembly is gre ater than 0.12. 

4-§7, — Th e a pp a ra t us o f cla i m 142, w he re i n th e prede t ermin ed portio n of t h e tubular assem bl y 
comprises a first steel alte^eef^Bsif^9.065 % C, 1 .4-4 % Mn, 0.01 % P, 0.002 % S , 0.24-% 
S i, 0.01 % C u, 0.01 % Ni, a nd 0.02 % Cr. 
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tubular assem bly is a t m os^abou^4&rQ-kslr 

A-&Q-. — Th e apparatus o f cl a i m 167 , wherein th e anis o tropy of t h e p r e d e te r m i n ed por t i o n of t h e 
tou(af^ssemb1^H6^euM^4Sr 

470, — The appar at us of cl aim 142, w h ere i n th e pred e termined portion of the tubular assemb ly 
compris es a s econd st e el alloy comprising: 0.18 % C, 1.28 % Mn, 0.017 % P, 0.00 4 % S, 0.29 
% Si, 0.01 -% Cu, 0,Q4^%-NV^nd-0.03 % Cft 

47-1-r — Th-e-apparatu-s of cl a jm^QT^ere^^ Gf4he-pfede-teFmiffed-portion o f the 

tu bula f-asse m b ly i s at mes-t-about 5 7 .8 ksh 

472-. — T he ap para tus of c laim 170, w herein fee anisotr opy of 4he-pf edeter-mi n ed po r tion o f t h e 
t u b u I a*^ssembiy^s^be^4^)4T 

473. — The apparatus o f claim 142, w hef e in th e predeterm in ed portio n o f the tu bu lar a ss embl y 
com pris es a th i rd s t eel a lloy co mp rising: 0. 0 8 % C, 0.82 % M n, 0.0 06 % P, 0 .003 % S, 0. 30 % 
Si, 0 .16 % ^u^Q5^Hira^d 0.05 %~&h 

474. — T he a pparatus of claim 173, wh e r ei n t he ani s o tr opy of the p r edeterm in ed p o rt io n o f th e 
tufeula-f^-assembjy is abou t 1.92. 

475. — The~appafafas of claim 142, wherein the pt^etefmif*e4^QrtjoF^ 

co mpr i s es a fourth s t e e l a lloy co mpri s in g: 0.02 % C, 1.31 % M n, 0.02 % P, 0. 0 01 % S, 0.45 % 
Si , 9.1 %Ni, and 18.7 % Cr. 

47& — The app a ratus of cla i m 175, where i n the anisotropy of the pred e t ermined po rt io n of the 
fa-bui ar ass e mb l y is at l east a b out 1 . 3 4-7 

477. — Tbe-appaFatus-Gf-d^^ 
tubulaf-assena b I y i s at m ost-a-bou t 4 6 .9-ksir 

47& — The apparatus of claim 142, wh e r e in the anisotropy of the pr edetermine d port i on of th e 
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assembly 



4-79, — The appa ratus of claim 1 4 2, wher e in th e y ield poin t of t he pre det e rmin e d portion of th e 
tubular as s e mbly is at most a bout 57.8 ks i . 

48Q, — The apparatus of claim 142, w&er-eirhtfre anisotropy G^tbe^redetermi ned portion of the 
t u b ul a r assembly is at leas t about 1.04 . 

4-84, — The a p pa r at us of cl aim 1 4 2, wh erein the anisotropy of the predetermined por ti o n of the 
tubul a r assembly is at least about 1 .92, 

482, — Th e apparatus of claim 142, wherein the a n i so t ro py o f the pr e d eter m ined portion o f the 
tubul a r ass e m b ly i s at le ast a b out 1 .3 4 . 

483, — The ap par a tus of c laim 142, wh erein the anisotropy of the predete rmined po rti o n of th e 
tubular as s embly-r-ange s fro m about 1 . 0 4-te-about 1 .92r 

4-84^ — The-ap-pa r atus o f cla i m 142r- w herein the yi eld po i nt of th e prede t er mi ned portion o f the 
tu-b-ulat^assembi y rang es fro m-abou£ 47 .6 ksi t o about 6 1 .7 ksi. 

portion o f the tubular ass e mbly is g r e ate r than 0.12. 

4&& — Tb e appar a tus of claim 142, w he r ein th e exp a n d abi li ty co effi cie nt o f t he p r e d e t e rmi ned 
portioFh& f the t ub utef-assembl y i s greater than th e expand a bility co e fficie nt of the o th e r portion 
of the tub u la^assemblyr 

487, — The apparatus of claim 1 4 2, w herein the tubular assembly comp r ises a w ellb o re casi n g 
— The^appar atu s of cla i m 4 4- 2 , wh erei n the tubul a r ass e m b ly compris e s a pi pefeer 

488, — The apparat us of c l ai m 1 4 2, w herei n th e4u&u4af-assembl y c o m p ris es-a~s tr u ctu ral 
sup^Gft, 



490,12, 



An expandable tubular member, wherein a yield point of the expandable tubular 
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member after a radial expansion and plastic deformation is at least about 5.8 % greater than the 
yield point of the expandable tubular member prior to the radial expansion and plastic 
deformation. 

494, — The t ub ul ar m e mb er of cl ai m 190, wh e r e in t-he-fab-uter memb e r compris e s a w etlbere 

493, — The tubul a r memb er of claim 190 , wher ein the tub u l a r m e mber co mprises a pipelin e , 

4-93-: — The4ubujaf-member of claim 1 QOr^hei^iiq^e^bujar^embe^ com p rises a structural 
su pport. 

494r13. A method of determining the expandability of a selected tubular member, 
comprising: 

determining an anisotropy value for the selected tubular member; 
determining a strain hardening value for the selected tubular member; and 
multiplying the anisotropy value times the strain hardening value to generate an 
expandability value for the selected tubular member. 

i Qfi THp m pthnrl of nl^i m 1 Q A \ A/hprpi n a n . ^ nip-ritrnov/ x/nlup nr^ ^ tpr t h n n 0 1 9 in Hir^tpp th .it 

ICu. n IU II Iv-rXl l\J\3 KJi UlattTI n7Tj vvri \s i \^ rri CT it artlOtrtt \JkJ y VX3 1 KJ C? KJti w ClTvTI ti IGTl t7, IX n I^Tv7Clt™0 tl rat 

tfre4ufeular m e mb er is s u i t a b le for radial e x pansion an d plastic deform a tion. 
4-97-, — The~method o f claim-4^4r-w<wef^ 

495, — The method of c l aim 194, wh e rein the tubular member comprises a struc tural support. 

4Q9t14. A method of radially expanding and plastically deforming tubular members, 
comprising: 

selecting a tubular member; 

determining an anisotropy value for the selected tubular member; 
determining a strain hardening value for the selected tubular member; 
multiplying the anisotropy value times the strain hardening value to generate an 
expandability value for the selected tubular member; and 
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if the anisotropy value is greater than 0.12, then radially expanding and plastically 
deforming the selected tubular member. 

200, — The metho d of claim 199, wherein th e tubu l ar membe r com p ris e s a w e l l bor e cas in gr 

2-04- — The meth od of c l aim 199, wher e in th e tubular m e mber compr i s e s a p ip e line, 

2-02, — Th e m e th od o f cl aiR^-QOr^e^^ a s tru c t ura l sup p o rt . 

20S, — The-method of c\&\m4WT^Nkemin^<^ty expandffi§-af^pla^to^ the 
seleGted4ufeula-r-memtee^eGmpfise^ 
msertfn§4he-sete^ 

feen-^adjall^e^fiand in g af^^astteaHy^efem^ g t he s el ected tubular memb er. 

204 — The-met hod of cl a if n 203, wh e r e in th e p r ee x i s ting s tr uc ture c o mp ri s e s a w e ll b o re that 
teverses a^ubtefraneaf^f8fmatieBT 

20§t15. A radially expandable tubular member apparatus comprising: 
a first tubular member; 

a second tubular member engaged with the first tubular member forming a joint; and 
a sleeve overlapping and coupling the first and second tubular members at the joint; 
wherein, prior to a radial expansion and plastic deformation of the apparatus, a 

predetermined portion of the apparatus has a lower yield point than another 

portion of the apparatus. 

200, — The apparatu s o f cla im 20 5, wh ere in the p re de te rmined-^ ortion of the ap par atos-has^a 
{^hei^otittty^ 

aft e r t he ra dia l expansion and plastic defamation 

207, — Tbea-pp a r atus of cl a i m 20 5, wher e in the pred e termin e d po rti o n of th e a ppa ra tu s h as a 

208, — The-apparatus of claim 205, whe^nvthe-firedeterfflified p o rt io n of the a pp a f atus h a s a 
teweFyietd-pai^- t pr io r to tfre^adla^expansto^ a ft er th e r adial 
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209, — The apparatus of cla im 205, w hefeifi^e-pfedetermin e d portion of the apparat us has a 
th e tubular ass e m bly 

240, — The app ara tus of cl a i m 20 9 1 4wthet^mpftei^ 

positioni n g aBOtfreE^pafatys-w^ in o v efl a pping relatio n to 

the app arat us ; a n d 

f-adiaH-y-e-x-fiaRdiRg and plasticaHy-4efQfmm§-t-ho other apparatus- w ith i n the p r eexisting 
w-hefefa r priof4G4^ 

p r e d e t erm in e d p ort i or heUt^e-other^app arat u s h a s a low er y i e l d poin t th an a n o t her 
peftio n of the othe r -appafafos, 

244, — T-he-apparatus of cl ai m 210, w herein the in s id e diameter of the-rad4ally^expan4ed-aR4 
p las ticaH^defefme d other po rt io n o f th e app a ratus i s equa l t o the ins id e^affieter^f#^e^a4tally 
. expaBded-afH^iasfe 

242, — Theapparat us of cla if n 205, wbere i n t h e-p-rede t er m -ine d portio n of th e app aratus 



comprises a p lu ra l ity o f p rede t ermined p o rt i o ns of th e a ppa r a t us, 

2-14, — The appar atus of cl ai m 2 0 5, wh e r e in the pred e termined portion of th e a ppar a t us 
c o m ptises^-piwal4t^^paee4^ of the apparatus, 

24-§, — The-apparatus-o^claiffl 205, wl^f^if^^e^thepportlofi^^e^ppafatus comprises-aa 
ef^l-poftiefHof th e ap p aratu s. 

— The-apparatuso^Giai m 205, w kefein4he other portion of the appaf atus com p4ses-a 
plufaii-ty-o^ether-perti o n s of the a pparatus, 

24-7, — TheappafatBS-a^Glaim-^Q^w^ appa ratu s comprises-a 




>ppa 




[•ei^eia~the~pre^ 
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plurality of s p a ced a pa r t o t her-portions o£4he ap para tus . 

QA%~. — The appar atus of claim 205, wh erein the apparatus com pr ises a pluralit y o f tubular 

249, — The apparatus of claim 218, w hereirv4he4uhu]ar countings comp rise th e predetermined 
porti ons of th e ap par at us; a n d wh erein t h e t u b u tewiembers-Ge mprise t h e o th er portio n of th e 
apparatus. 

220, — The-apparafas of clai m 218, whefefn-ORe-Qr-mofe-Qf the tubula-FGOuptings-€Gmpr-ise-t-he 
pre d e t e rmin e d po rti on s of t h e-appafatos, 

224, — The ap p aratu s o f cl aim 218, wherein o ne o ^mere-of4he4ubular me mbe rs compr i s e th e 
predetefm^ed-po rtio ns o f the a pp a ratu s . 

2-22, — The appar a t us of claim 205, wherein the predetermin e d po rt i on o f the app ar atus de f ines 

223, — The-a-ppa- r at us o f cl a i m 2 22, wh e r e in o n e o r m o r e of t h eopenin g^GQmpr-i se-slQ-te, 

224, — The-apparatus of cl a i m 2 22, w here in th e a nisetpep^feFt-he-pred ete rmi ned p o rtio n o f t h e 
appar atu s is greater than 1 . 

225, — T h e ap p ar a tus o f c laim 205, wh ere i n th e-an isot ro py fo r the-pr e deter m i-n ed portion of the 
apparatus-i s ■■■ g reatef4han-4r 

22§, — The apparatus-ofoia-i-m 205, whereifv4he-6trai^^ for th e 

pr e det e r mined portion of the ap paratus is greater than 0.12. 

227, — The-appar a tus of claim 205, w herei-n-the-anisotrop y for th^pfe4etefmmed-pertfon of the 
a p paratu s is gr e ater t han 1; a nd wher e in -the straifhhat^efiffig-e^onef^-or t h e pre d e te r mi n ed 
portion- of th e apparatus is g reatep4ha n 0.1 2. 

228, — The appar atu s of c la im 205, wherein the predetermined portion o f th e appa ratus 
€Qfflpftees^a4^^ C, 1.44 %-Mn, 0,01 %4=V0^ 0 2 % S, 0.24 % 
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Si, 0.01 % Cu, 0. 0 1 % Ni, and 0.02 % Cr. 



229, — The appar a tus of claim 228, wherein the yield point of th e predeterm i ned portion of the 
a^pafafe£Hs-a^m0s^fee^ 

wh er ein th e-yiel d point o f t he-predaterm i ned portio n of the appafa tus is at 4eas^a bout 65.9 -k&i 



23& — T-be-appar-at-us of cl a iffl-228- r w^ei : e in th^etd^offit-Q^e-pfedeteFmined-poption o f the 
apparatus af te r the-radial ex p ansi on and pl a stic d e form a tio n is at l east about AO % g re a t er t h a n 
tl=^e-yield-potf^ e f t he p redete rmin e d port ion of the appafatos^fief4o the radial expansion aad 
^tasti^-dafofmatioar 



234, — T h e a ppa r atus of c l a i m 2 2 8 , wh erein th e ani s o tr o py of the p r ede t e rmin ed p orti on of t h e 
apparatus, pfier to the-radjaj-expansion^Rd-pla&tie-defeFmatian, is about4r43r 



co mpr ises a s ec on d s t e e l a ll o y co m pris in g: 0.18 % C, 1. 2 8 % M rvO.017 % P, 0. 0Q 4 % S, 0.29 
% Si , 0. 0 1 % Gu, 0. 01 yer M^d-^Q^-Gf, 



n/hprpin th p \ /ip ! H no in t of t h p n rpHpfprminpH nortinn nf thp 

VI 1 ~ t cut it rc y IC7IVJ f/xy n 1 1 Xzfl crt\^ p?t v>VJ k> t~ I n III ICU py Xzr r tTXzr 1 1 x?i tr tvl> 

apparatus is at most abo u t 57.&-ksi prior to the rad iat-expaRsior>afid--plastic d e forma tion; and 
w h ere in the yield p oint of the pr e det e rmin e d portion of the apparatus is at l ea st about 74.4 ks \ 
afteF4^f^d4al^pai^iGn^Rd-plastic def o r m a ti o n . 



234, — The-appar-atus^^aim 232, w berein th e y i€4d^oH3^Qf4l : Te^e^^ 
apparat us aft er th e radial-expans ion and plast i c d e formatio n i s at le as t about 28 % gre a t er thaa 
the yie td-poi- nt o f t h e^redetef mine4^pQFtiQn^GRke^apparat u s priof4o4be-radial expansion an d 
plastic defor-matiefrr 



235. — Tl=fe-appafatus-et^lat m 23 2, w be re i n the a ni s otfo py of t he pr e d e termi ne d portion-oM-be 
apparatu^T-pfior t o t h e radta l e x p a nsior>^-Rd--pla-&ti€^ef or ma-tfe n-H-s-a bout 1.04. 



23& — The appa ratus of claim 205, wh e re i n th e p re d e t e r m i ne d po rtio n o f t h e ap pa rat us 
compris es a third steel alloy c omp risi n g: 0.08 % C , 0. 82 % M n, 0.006 % P, 0.003 % S, 0.30 % 
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atus o f c l aim 236, wher e .. 

appara t us, prior to the radial ex pa nsion and 



ermine 

plastic def o rm a tion, is abo ut 1. 9 2t 



238, — The ap p a ratu s of clai m 20 5, w he r ein the p r e d e t e rmin e d p o rti o n o f the appa ra tu s 
comp ris es a-feurth-steet^(l^€Qmpr-isfBg: 0.02 %^ 7 4r34-%44fH ^ .02 % P, 0 .0 0 1 % S, 0. ^ 15 % 
Si, 9 .1 %N i, a nd 1 8 .7 % Cr. 



23ft — The apparatus of claim 238, w herein the anisotropy of the prede te r m ined porti on of the 
appar at u s , prior to the-radial expansion and plastie^eforrnation, is about 1.3 4 r 

240-: — T h e appar a tus of clain : h205 7 ^ereffi44^e^ietd-point of t he pre d etermi n e d portion o f th e 
apparatus is-at m o s t a bo ut 4 6. 9 ksi p r i or to the r a dial-expansi o n a n d plastic-deformati o n; a n d 
wiweir^#*e~Yield~ p oi n t of4he~prede t erm in ed portion o f the ap p a rat u s is a t-l e a st a b out 65.9 ksi 
after the radiaTexpansion-aftd-ptestic deformation 

app a r a tu s after the-radi al expansion an d plastic d eformation is at l eas^a bo u t 40 % gre at er than 
the-yie ld p oi nt of the p red et e rm i n e d portio n o f the ap pa r atus pri or to th e r a di a l-exp ans io n and 
plastic deformation 

242, — Th e apparatus of cla i m 2 0 5, wherein the anisotropy of the predet e r mi ned p o r t ion of the 
apparatus, p r ior to the r a dial-expansion a nd pl a s t i c deformatiorv4s-a^4east abo u t 1.4 & - 

24& — T h e apparatus o f cl a im 205, where in the y ieid-point o f t he-predetermlRed po r t i on o f th e 
appa r a t us is at mo st a b o ut 5 7 .8 ksi pr i o r t o the r a di al e x p ans i on a nd pl ast ic de fo rmation; and 
wheieifH^e-^4el^ of the-apparatus is ai~least-abe ut 7 4 A ksi 

a ft e r th e ra d i a l e x pan s io n and pla st ic d e f o rmatio n . 



244, — Th e apparatus of cl a i m 20 5, wh e re i n the yi e l d po int o f th e-pfedetermlBed-port i on o f t h e 
appafatus-after4benFad4al-expar^ 

the-yiel d point o f th e-predetefrRlmd^ertferi^the^p paratu^ prier4o4he-fadial expansi eR-aRd 
pl a stic deformation 



245, — The^pparafas-e^-Gia im 20 5 , w herei^4he-afilso trop y of4t^predetefrni£^ 
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2A&-. — Th e appar a tus o f claim 205, wherein the anisotropy of the p redete rm ined portion of t he 
appa r atu s , p ri or t o t h e rad i a l e x pan si o n an d plas tic d e formatio n, i s at lea s t a bout 1. 9 2. 



247, — Tbe^pamtos-of-etew^^ 

appar atu s, priof^e th e radial e xpansion and p l ast ic de f o rm a tion , is at l e ast about 1 .34. 



24%-. — The appa ratus of claim 205, wh erein th e aniso tr op y of the predetermine d porti on of th e 
apparatus^pfio r to t h e radia l-expaneieR-aBd-plaetic d ef ormatiQR^-faB§es-f-Fem--abQut 1.04 t o 
ab o ut 1.92r 



24ft — The-apparatos-e f c l a i m 20 5, w he r ei n the yie ld po in t o f t h e prede t ermi n ed po rti o n of t he 
app ara tus, prior to the-radial expansion-and-plastic d e f ormatio n , ra ng e s from-abou t 47.6 k si to 
about 61.7 ksi. 



^efficie nt of t h e-pr ed efermf ne£ 
port i on o f the a p par atus, prior -to the ra di al expansio n an d pla st ic def or ma tio n , i s gfe at er than 



^aiffl-205-rW-herein the-expandabitrt-y-eoeffident of the-predetermined 
po rti on of the ap paratus i s g r ea t e r than t he expandability co efficient of th e o ther port i o n of t h e 
apparatus 

2-§2-. — The-appafafas-e^olai ffl 205, w herein th e appara t u s co m p r ises a~we<ibefe-oasiFi$r 

253, — The-apparatus of claim 205, wher&ffv-the-appafatus comphses-a-pipetimr 

2§4 — The appa ratus of claim 205, wh e rein the apparatus comprises a structural support. 



2§& — /W-adiatiy-expaftdahte t u b ulaf-fRember ap p ara tus c om prteingf 

a4i-rs^tuh^i^memteeff 

a secon d tubular member e ng aged w it h t h e first tub ul a r m e mb e r f o rm ing a join t; 
a-steeve-eveplappmg and coupling the first and seGGnd-tutoja-F-mefRbe rs at th e join t ; 
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wj-epposite-ta-pe 
—tu-buiar member^ and 
-ene of the tapered e nds b e ing a surface formed on the fla n gei 
whefeffvprio r to a-ra4iat^paflsioa-^^ a 

piedetef min ed por t ion of th e apparatue^^as-a-le w e r yi e ld p o i nt than a n ether 
porttefHa f th e apparatosr 



2S&-. — Th e a p pa ratus as defined in c l aim 255 whe re i n t h e recess inc lude s a tapere d w all in 
matin g e ng agement wit h th e ta p ered en d formed on the flange. 

2§7, — T he apparatus as-defined i n c l a i m 255 wh erein the s l ee v e inel-udes a flan ge a t eac h 
taper e d end and eac h tap e r e d end is formed on a res pecti v e f la n g e . 

25& — The-ap-pa fat-us as d e fined i n c l a i m 257 w he rei n each tu b ula r m embe^lnctudes a reces s . 

The apparatus as d e f i n ed ir 
on e o f th e-reeeesesr 



ma-ting^ fo med-OR-a-fe s pective one o f the-ftangesr 

2§4~; — Th e apparatus of cla i m 255, w herei n th e predetermined p o rti on of the apparatus has a 
highef^uGtilit^ 

af t er t h e radia l expansion and plastic deformat io n . 

2Q2-. — The appa rat u s o f claim 255, wh erein t h e p r e d ete r m in e d po r t i o n o f the a pp a ratus has a 
{%ker^dyeii%^ radial expansion and-piastic defemaitefUt^^ 

e^pansiefHa-n^-plastic de fo r mat ion. 

— T^e-appa ratus of cl a i m 255, wherein the pr edeteroiBed p o rtion-e^e^apparatus has a 
tewer-yield-pe^^ de f ormation th a n a ft er t he-radiai 

expansio n and pla efe-defefmatioRT 



234-. — The-apparatus o f oiaiffl 255, whereirvt-he^fedetefmined p o rtion-eRhe a p pa ra tus h as a 
iaf§ef4f^ide-d-iame^afte r the r adiat-expaRsiefHaed plast i G-defom^tiefhttef^tter-pertions of 
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the t ub ulaf-assemki-Yr 

2&5, — The ap p a r a tus o f cl a im 26 4 , furt her comprising: 

positionin g an ether app a fafa6^itNfr4he--fif : ee- xistin g structure in o v erl app ing re l ation to 

th e ap p a ra t us; a n d 
ra4iallY^xpaf}€ta 

&t-r-u-Gt-ypef 

whefeifh^aro^ p l a s tic d efefmatien--€^e^ppafatos 7 -a 

predetermined po rtion of the oth e r apparatus h as a lo w er y ield po in t than anot h er 
portion of th e other appar a t u s . 

26©-: — The-apparatus of claifn 265, w-her-eiR4he-inside-diame-ter-of the ra4iaHy-expa^4e4-af^ 
fitasfeatiy-de f o rm ed-ofee^poFtf on o f th e app a r a tus i s e qua l to th e i n si de d iamet e r o f th e radia ll y 
expan d ed and plas t teati^defermed-other portion o f the ot h er a ppa ra tus. 

267, — The apparatus of clai m 255 , w herein the p re d et e rm i n ed-^r^of^of-the-appa-ratos 
co m pri s es an e nd portion of th e ap p afafasr 

26& — The ap paratus o f c laim 255 , wher ein-th^-pr-edetef ml n e d porti o n o f t he app a r a tus 
Gom-pr4-se^a---^uf ality-of-p^^ n e d pertteft-s-ef the apparatus. 

2£9, — The a ppar at us of cl aim 255, w he r e i n t h e pred e termined portion of the apparatus 
eompri&es^pturallty-Q-^&paeed-a p art pr edet e rm ine d port-tens of the apparatus^ 

27-0, — T^e-appafafas-Q^olaifn 255, w^reiR4he-ott4e^porti o n of the-apfiafatu s compri s e s -an 
e nd portio n o f th e a ppara tu s . 

274-, — The ap p aratus of clai m 255, wher e in the other portion of the a ppa ratus compris e s a 
pl-u^ity-e^^Fport 

2-7-2-, — The-a^pa rat-u-s-of-Gla i m 2 5 5r-whe re i n the~oth e r port ion o f t he-apparatus co mpr ises-a 
fitoratit-^efepaeed-afi a rt other-p ortions of th e ap pafatosr 

27-3, — The appar atus of claim 255, wh e re i n th e apparatus comprises a plura li t y o f tu bu lar 
mefflbers-eeupled t o oae-a^etteer-b y cor r e^pend-f^§-tobuter c ouplings 
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274, — The-appafatus^^laim 273, wfrereifHfoe4a^^ pr e d e te r min e d 
p ortions of th e appar a tus; and w herei n 4he tubular me m bers comprise th e other portion o f th e 
apparatus, 

27& — The-appafatus^ciaim 273, w t^e^B-OBe-ef-mefe o f t he tub u la r coup l ings^mpfise4he 
pfe^tetermmed p o rtion s of th e appa ratus 

— Th e app a r atus of c l aim 273, w he rein on e o r mor e o f the t u b ular m e mb e rs co m pr is e th e 
predeter miaed-pert ions of the apparatus. 

27-7, — T-he^ppa-r-atus-of-Gtaim 25 5 , w-herein4he-pf edeter mined-f? o rt i on-^Rh e-appar-ato--^d efines 
on^ef-me r e o pe n in g s . 

27& — Thenapparat u s of claim 27 7, w here-ia one or mofe-e^he^peai ngs comp ri se slots . 

-27-9, — The appafatus-o^ciaim 277, wherein the anisotropy for the-pfe4etefmiae4-po r tion of the 
apparatus -4s-greateMhan4-. 




2&Q-. — The a pp a ratus o f c lai m 25 5 , w herein the aniso tro p y f o r t h e p r edetermined portion o f the 



284, — The-apparatus o f claim 255, w hereifOhe^tf^^ for the 

p red ete rmin ed-pe rt io n of th e a pp a ra tus is great er than 0.t 2r 

282, — Th e a p p a r atus of cla i m 2 55, wh e rein the ani so t ropy f or the-pre€tetermfne4-p^ of t h e 
apparates4^-gFe 

p or ti on o f the appar a t us is great e r t han 0.12. 

2-83, — Thenapparatus of cl a i m 25 5, whereia4heiSH^eter^ the a ppar a t u s 

compri s es a f irst s t eel^Q^Qmpfteffl§4-Qr06544) C, 1A A % Mn , 0. 0 1 % P, 0.002 % S, 0.24 % 
Sh-QiQI % Cur&M- ^i. and 0.02 % Cr. 

2M-. — T h e appa ratus of claim 2S3T^efefR4he^4eld-peint of the predetermi n ed por ti o n of the 
apparatye^s-aifRes^afeeu^^ aad p las t ic de f or m at i on; 3f\4 





29 



25791.305.05 
after4he rad i al-expansi o n at^plastic^eformatien-r 



— The appa ratus of claim 283, wh e r ein th e y i e ld po i n t of t ho p r ed et e rm i ned portion of the 
ap par at us aft e r the ra dia l e xp an s i on an d p l as ti c defamati o n is at le ast a b ou t 4 0 % greatef-thaa 
tfre-vtetd-pe i nt of t he pre d etermin e d p oftien-e^the-appafato^-pfior t o the radiai^par>sierhaR4 
p las ti c d ef o rmat ion. 



2M-. — The apparatus of claim 283, w h erein th e-anisotropy of the predet e r m ined p o r t i o n of t h e 
apparatus, pr ier4o4he-radial-expan^^ is a bok&A-A&r 



28-7-. — The-apparat-us of claim 255, w hereirr4he-^r^^ p ortio n of the-apparatus 

c o mpr i s es-a s econd steet-aitey compris i ng : 0 .1 8 % C, 1.28 % M - n, 0.017 % -P, 0.004 % S, 0 . 29 
iM^g4_Q r Q4_ % cu, 0.01 % Ni, and 0.03 



-T-he-apparatus o f claim 287, w herein t h e-yieid-peint of the predeterm i ned portion of the 
apparafeis i s at m os t ab o u t 57.8 k s i pri o r t o the r a d i al-expa n s io n a n d plas ti c d e form ati on ; a nd 

afte r th e radia l e x pan s ion a nd plasti c def ormation 



-The apparatus of cl a im 287, w herejrr#H^ey^eir^ o f the 

appar a tus a f te r the r ad i a l ex pa n si o n an d pl astic deformation is at le ast about 28 % greater tha n 
the-yield point of the-^redetermifted porti on o f th e a p p ar at u s pr-ior4o4he radial expa ns ion and 
plas ti c d ef o rm a t ion. 



290, — Th e a ppa r atus o f cl aim 287, wh erein t he a n iso tr opy o f t he p r e d e t er m i n e d portion of the 
appara&^phor4a4he^^ deformation, is abou t 1.04. 



294, — Th e a pparatus of c l aim 255, w herefR-the-firedete rmi ned port i on of the apparatus 
comprises a third steel alloy comprisin g : 0.08 % C , 0 . 82 % Mn , 0. 0 0 6 % P, 0.00 3 % S, 0.30 % 
S i, 0. 1 6 % Cu, 9 rQ5-%-Ni 1 and 0.05 



292-, — The-apparatus-e^eiai m 291 , wher e in the anisot ro py of th e pre determine d portion of th e 
appar atus, pr i o r to the-rad-ial-expansion and plastic deformation, is abo^4-.-92r 



30 



25791.305.05 




*oin IHp nrnHpf prminpH nnrtion o f thp ,Qnn: 



€ompfi€^a4ew^ 0.02 % C, 1.31 °/o -Mfh-€ M32 % P, 0. 0 01 % S , CM S % 

Si, 9 .1 %Ni, an d 18 .7 % Cr. 

294, — The appa r atu s of cl ai m 2 93, wh ere- in t h e anisotr o py o f th e preeteter m i n ed p o rt ion o f t he 
appara t u s , prior t o the radiai-expaftsioFhat^^ , i s about 1.34r 

2Q&: — The a pp a ratus of c l aim 255, wherein the yie l d point of th e pr edeterm i n ed port i on of the 
ap paratus is at mo s t a bout 4 6.9 ks i pr i o r to the ra d ial-e xpans ion and plastic deformation; and 
w h er ein4he-y ield^oi^ p a r a t u s is at least about 65.9 ksi 

a ft e r th e radia l-expan si o n a nd p l ast ic d ef o rmat io n . 

296^ — T&^apparaius-efolai m 255, wh e r e in the ~yield-pom-^of4he pr ede t e rmin ed po r t i o n o f the 
apparatus a f ter the r adialexpansioR-^d plastic de f ormation is at le ast abeMt-40 % g r e at er than 
fee yield point o f the predetemmed-portion of the-apparatus prior to the radial expamion and 



29-7, — The appar at u s o f c lai m 255 r^ / her e in tho-an is o tr opy o f t ke-pr-e d c t e rmin e d portion of th e 
appar atus, p r i or t o t h e radial-expan sion a n d pl as ti c defor mati on, is at l ea st a bout 1. 48t 

29&, — Tbe-apparatus of clai m 2557-wkerein the yietd-po^t-of4he predetermined po r ti on o f the 
ap p a ra tus i s at most a bout 57.8 ksi prior to the radi a l expa nsion and plastic d e format ion; a n d 
whe r ein t h ^yfeld-pom^o^tho p redetermi ne d portion of the appa rat us i s at le as t about 74.4 ksj 
after t he r adia l e x pa nsi o^-an^-fil ast ic d ef o r m ati o n . 

299, — T h e ap p aratus of cl aim 255, wh erein t he y ield poi nt of th e pr e determ i n ed p o rti on o f the 
apparafas-after4tie-ra^ defo^R^tioFHs-^ea^i^oy^g-%-greater than 

the^/iel d point o f the predetermined portion of the appara tus prior to th e r a dial e xpan s i o n a n d 
plas t ic de f ormation. 

390, — The apparatus of -eta im 255, w kereir^be-aRteetre py of the pr e d e termined portion of th e 
apparat us , p r ior t€HtheH : adial~exp^ is at least abo u^4rQ4r 

304-; — The a pparatus of clai m 25 5, w herein the arnsotre py of the pr ede t ermined-portiori o f th e 
appara-tu^7^riof4o4he-radjal--exp a n s i o rvnaRd-pla&t-fG-d-eformat-ion , is aMeas4-about-4r9gr 
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3Q2, — Th^appafat us o f claim 255, v v4^ef&if^4h^ p o rti o n ot-the 

app a r atus , pfie Mo t h e r adi al expansion and p l a sti c d eforma tion , is at least a bout 1.34. 

3Q£, — The appa r atus of clai m 255, w torein the aniso trop y o f th e p r ede te r min ed p o rt i on o f the 

appafatu^r^fto^ 

a bout 1.927 

304, — T h e app a r atus of cl a i m 255, w herein the yield point of the predetermined por tion of th e 
apf^rat-bfSr-pRoM^^e-fa^aj-expamiorvaRd plastic d ef of matfeftr-far^es-f rem a b out 47.6 ksnte 
about 61.7 k&ir 

— The-appara-tus o f cl a iff^g^r^efeif^^ ceeffiofeB^e f the pr edetefmfne4 

fiOftfOft-af4he-ap-pafat u s , prior to th e-Fa d ial e x p an sion and pla stfe-^e-ferma t ion, is gfeat-ef-#>aR 

paftiaf^a^t( : ^e-a pp ara t u s is g rea t er^ha n the expandab i li ty -eee ff icie nt o f the-other port ion of the 
appar atu s . 

307: — T-heappaFatus^^etaim-g^rWherei n the apparatus comprises a weHbofe-easia§T 

3©& — The-appa f a tus -o f claim 255, wh ere i n t h e ap pa r atus co m p Rses-a-pjpetifH-b 

30ft — The^ppaFafa^f-etalm 255, whefei-n the a p pa Fatus-€OFffpFfses-^st-FU€t u ra I sup port. 

340/16. A method of joining radially expandable tubular members comprising: 
providing a first tubular member; 

engaging a second tubular member with the first tubular member to form a joint; 
providing a sleeve; 

mounting the sleeve for overlapping and coupling the first and second tubular members 
at the joint; 

wherein the first tubular member, the second tubular member, and the sleeve define a 

tubular assembly; and 
radially expanding and plastically deforming the tubular assembly; 
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wherein, prior to the radial expansion and plastic deformation, a predetermined portion 
of the tubular assembly has a lower yield point than another portion of the tubular 
assembly. 

— T he m e t hod o f cl ai m 310, wher ein the predeterm ine d p ortion of th e tubul a r a ssembly 
to s a hig her d uctiltty-af*4-a4ew^ to the ra4ial-expan s ion aa4~ptestte 

de f orm ation th a n a ft e r th e radial e xp a nsi on and plasti c d eform a ti o n . 

— The m et h o d of claim 310, where in th e pr e d e t e rmi ne d portion of the tubular assembly 
tee-a4%hef-d^ctil i t y prior to the radlal-e-xpaasio n and pl a sti e^tefeffflatioB4han after t he rad-iat 
ex pa ns i on and p l astic d efor m ati o n. 

343. — Tbe-metho d of cla i m 31 0, wharelR-the p re de t e rmin e d p o rti o n o f the4ub-uta r as s emb l y 
expansion and plastic deformation. 



has a l a rger inside-diameter a ft er the r ad ial e x pan s ion and p last ic de f or m atio n t h a n the other 
po rtion o f th e t u bula-Fass embly . 



34§, — The methad-of-etefm 3 1 4 , furthef-oomp ris i ng: 

p o si ti o ni ng anoth e r tubu l a r as s emb l y within the pre e xi s t i n g st ructu re in ovei4appia§ 

fetation to th e tubu l ar assemb ly; and 
r adial l y exp an dmg-a n d p las tica lly d e forming th e oth e r tubula r ass e m b ly -witlwv^ 
pfeexisfeg-str u ct u rei 

wh e r e in, p r i or to th o rad i al expansion and pl ast i c d e form ati on of the t ubul a r a s se mb l y, a 
predetermi-ned--pQrtiQf^Q^the-ether t u b u I ar-^a ssemb l^has- a-4owe r yield point than 
anathef-p ortion of th e other tubu l ar assembly. 

3-1-&, — Tl^mett^d-e^Glain^ 

plast-iGati-y^efo^ as s e mb l y is eqyal4o4he4a s ide di a m ete r of t h e 

fa^tiatiy-expaRded^F^ of th e-ethe^tabal ar assembly . 

347. — Tfre-metho d of claim 310 , w hefe+f^l^ p red et erminec^^ asse m bly 
cemp-t4ses-aa-efid-pe rt io n of t h e t ub uta-Fassemfelyr 
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34& — The-method of claim 310, w herein the prede term i n ed p o rtio n of th e tub u lar a s s embly 
comprises a plurality of predeter-mined-pQftos of the t u bula^ assembly r 

349, — T h e m e t ho d of cla i m 31 0 T wh e r ein t he pre d et ermin e d port io n o f t h e t u b ular ass embly 
eempftees-a-pluralit y o^teGed--aftaft~^ th e tu b u laf-assemtely, 

320, — The me t hod of claim 310, wherein th e other portion of th e tubular a ss e m b ly c omp r is e s 
an end p o r tion of the tubular assembly, 

324 — The m e tho d o f cla i m 310, w he rei n t he oth er po r t i o n o f the-t u bu lar as se mb l y co mpr ise s a 

322-r- — The-metho d o f claim 310, whefeffh^e-othef--poFt-jon-Qf the tubu l ar assembly-comprises a 
plwaltty-o^spaced apart othef-portions of t h e t ub ula r assembly. 

323, — Th e m e th od~o£oiai m 31 0 , whe rein the tub ulaf^asse mbly co m p r ise s a^lwalffcy-of tub ul ar 
members cou p led~ t o on e anothe r b y c or r esponding tubular coupl i ng s , 

324, — T4e---met-hod-o-^ p I i n gs-oom prise the predetermined 
portions of the tu bu te^-assemblyi^d^ comprise the othep-pertfon 
of the tub u l a r asse m bly. 

32§, — T h e method of c l aim 323, w hefeifhORe o r m o r e of t he tub u -la r couplings compr i s e th e 
pfedeterffHned-poftio ns o f tho-toteula^assembiyr 

326, — Tho-method-of-Glaim 32 3, w herein one or more oUhe4ufe u lar-member- &-co m prise4he 
p r ed etermin ed p o rtion s o f the 4ukufef- assembly. 

327, — T-he-met-hod of claim 310, w ber-ein4he-prede t er mined p oriiofHs4#fe 4ubu l ar as s e mbl y 
defines~one or mofe-oponingsr 

328, — Th e met h od of claim 327, wher e in on e or mor e of th e openings compr i s e slots. 

329, — The^ethod^f-oiaim^^ 
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tubular as s embly is greater than 1 . 

33& — The method of claim 310, w herein the anisotro py fo r t h e predetermined portion of the 
t-ufet 

334, — Tbe-meth o d o f cla^n 310, whefeff*4he-strain ha r denin§-^xponef^fQF4h^i^etermine4 
po rti o n of th e tu bu la^assembl y is g rea t e r than 0.12. 

332; — The method o f claim 310, wh e r ein the a n is ot rop y for the pr e d etermined portion of the 
tub u l a r as s embly is grea ter than 1; a nd-whereifi4he~&tfaj n hard aning-e xp o ne n t fo-p-the 
pred et e rmi ned po rtio n-oHhe tubul ar a ssemb l y is gr e ater t h an 0 .12. 

333-, — Th e met hod o f otaim 310 , w he rein th e pr edetermfned-p ortion of th e t u b u l a r as s e mb l y 

PL n AAA OA Mrt H H1 O/. D O OHO 0/, Q C\ OA 0/1 



Si, 0.01-44) Cu, 0.01 % N h-attd 0.0 2 

t ub u la Fa s s e m b I y is a t most abo ut 4 6.9 ksi pri or to the r adial expans ion a n d plastic d e formation^ 
and^A/her e i n the y i e ld po i n t o f t-he-pre4e term i n ed por ti o n o f the-fa-b u lar as s e m b ly is at l e ast 
abeut--6^7-9-k-si aft e r t he-rad-ial expansien-^and-plastic deformation 

33& — The m eth o d of claim 333, wher ein th e yield p oint of the p r e d e termined p ortion of th e 

greater than th e yie l d poi n t of t h e pr edete rmin ed p ortion of the tu bu l ar as se m bly pr ior to the 
ra4ia^e x p a nsion and-ptestlG-defermatiofiT 

33& — Tbe-method-of-ota i m 333, whefein4be-af^ 

tebujar as se m bly, prio r to4he r a dial expan sio n and pl asti c d e fo rm atio n, is a bou t 1.48. 

337, — The m e th od o^ c lai m 3 10, who r ei n th e p rede t e rmin ed-pert ten o f th e tubu lar- as s emb l y 
cen^rises-a-seoond s te el a l l o y co m prfeif^-Qr-1 8 % C, 1.28-%-M n, 0.017 % -P r OTQQ4-%-S 1 -0r29 
^Si , 0.0 1 % ~Gu, 0.01 %-Nh-and 0 . 03 % Cf, 



333, — Tbe-~method-of claim 337, w hefeiR4he-yietd-pefnt- of th e pr e d etermin e d portion-oUhe 
tub-utar-assembl^s-a^mQS^about^7.8 ksi prior to th e-rad-ia-l-e^an-sion-^nd pl as tic d efer-mationf 
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aed-wherein the y iel d poin t o fehe-pFedetero^ 
abou t 74.4 ks i aftef-the-fa4ia^e^pafisiofvand p l ast iG-de format -ioRr 



33-9. — T h e met he d of claim 337, wh e r e in th e yie l d po i nt of the predetermined portion of the 
tubular a s se m b ly afte r the r a d i al e x p ansion and plas tic de f or m a tion is a t l east abo ut 28 % 
§featef4han-theyte l d p o in t of the p re4atefm^ed-poftion of the4ubul a r assem^ty^ftef4e4he 
fad ia l expansi o n and p l aeti^deform ati o n . 



340. — The meth od of claim 337, w here i n the anisotrop y o f the predetermined po rtion o f th e 
tukutef^assem^ afld^tas&e-dafefmatfe n, i s a bQut-4-r94r 



344, — The-fflethod-ef-olal m 3 10, w heretf^tfr^^ 

comprise s a th i rd s tee^tey-^^p r is i ng: 0 .08 % C, 0.82 % M n, 0.0 06 % - P, 0.003 % S, 0.30 % 
Si, 0.1 6 % Cu, 0. 0 5 % N i, and 0.0 5-%-€fr 



342. — The-method-ofdalm 341, wt^eif>th^afviset-fopy-ef the pfedetefmifte d p or ti o n of-the 
t u bula r a ss emfetyr-pffor t o th e ra d ia l exp a n s ion^and- plast ic defamation-, is a bout 1 .92-. 

343. — The-me t ho d o f cl ai m 310, w herein- t h e pr e d etefmi-Red por t i on of the tub u l af-assemkly 
co mp r is e s a fourt h s teel alloy compri sing: 0.02 % -G, 1.31 %-Mn, 0.0 2 % -P, 0.001 % S, 0.45 % 
Si, 9 .1 %Ni, and 18.7 % Cr. 

t ubular assembl y, prior to th e radial expansion and plastic def o rmatio n , is a bout 1.34. 

34§. — The-metho d of cl a im 310, w here i n t h e yiel d point of t he pred e t e rmin e d p o rt i o n of the 
tukbriaf-assembly is at most afeeut-46v9- k si prior-4e4he-rad4a^-expan s ion and-plastie^defer-matioRi 
af^A,4^efem 4he y ield p oin t o U he predete r mined portio n o f the tub u l ar assembly i s a t least 
about 6 5. 9 ksi aft e r th e radial expa ns io n and p l astic d e format i on. 



346t — Tbe^etb€H^Telatm-~^^ 
fobu4ap-assemb^ 

§featep4han4he-yield point of4he-predeteH^ 
fadMexpaf^iefvaf^-plastf^ 
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34-7. — Tbe4 : netbe4^ 

tbfbytef-assembly, pnoE-fo t he r a dial-ex p ansion and-plastie-defeOT^^ 

34& — The metho d of claim 3 10, wh e r e in th e yiel d po i nt of th e p red e t e rm i n ed p ort i on o f th e 
totolar asse m bly is at mos ^abou t 57.8 ksi pr ioF4 o th e r a di al-ex pansi on aad- pl a sti c d efo rm a ti on; 
and-whefeif^^ t he tubu l af^ssemb^4s-atteast 

about 74,4 k s i after th e r ad ial expans ion and plastic def o rmatio n. 

349, — Th e m e th o d of claim 310, w herein the yield po i nt of the predetermi n ed portion of the 
t ubular ass e m b ly aft e r the rad i al expansion and p l astic d e formation i s at le a st about 28 % 
gr eat er th a n t h e ^yiel d po i nt of the pred e t orminod por tion o f the tub ular a ss e m bl y pri or t o t he 
radial expansion and plastic d e f ormation. 

3§& — The method-of-elatm 3 10, w herein the aaisQtropy-o-f4he predetermined-pofUeR-ef^be 
tuhular asse mb l y , p ri eF4€^b€H^^ is at least about 1tQ4v 

tub-u-iar as sem b l y , p rioMo4he-fadlal-expaR s ion a n d p l asti c d e f o rmati on, is at le as t abou^kQgr 

to buiar-as-se-mb ly , p rior to the-radial-expansion-an^ u 1 1 .34. 

3-§3, — The method-oTol a i m 310, w bereffFtbe-af^ 

tubu l ar ass emb l y , pri or to the r a dial e xpansion an d plasti c d e f o r m ation, ranges f ro m a bout 1.0 4 
t^afeou«^r 

354, — The~methed of claim 34Qr^A/lweifahe^feld point Gf^be-predetefmiaed-pQrtfQfrQ^fee 
tuhutef^ssem b l y , pr i or to th e r a dial ex p ans i on an d-pi as tic d e fo rm a ti o n , ranges fro m about-47^ 
tei4e^bout^1^744sir 

S§5, — The^ett^dH^I^ n the expandablHty^Goeffic i ent of t he-predetermined 

p€H4ioFHG>f4^^ e xp a n s i on a nd-p l as ti c d ef ormati on , i s gr ea te r 

th a n 0.12r 



351 



■^e method of-dt; 



effici e nt of the pred e term i n e d 
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portion of th 
o f the tu b u tef- assemb tyr 



abil ity coeffic ien t o f t he other portion 



— Tho metho d of claim 310, whoroin tho tubular assemb l y com prises a w el l bore casing. 
3€& — i^efflethod-o^Gta mn 3 10, whefem-the tubu^aeeembl^eomp^tees a pipetifie-r 
3§& — T4^e^etted-G^aim-34^A^ 

360, — /V-metho d of joi nin g ra d i atiy^pan4ab]e4^b^ la r^member-s co m p r i s ing-^ 

p r o v i d ing a f irst tub ula r m ember 

en§agin§^~se^Rd44jteute^ 

p r o vi d i ng a-steeve4>awig-opposite4apere d e nd s and a flan ge, o n e of th e4apered-eR€te 

feein g a surf a ce fo rm ed on t h e fla n ges 

mount in g th e sl e eve for overlapp in g and c o upling the first and seco nd tu b ular members 

aUhe^jofflVwherein the fl 



of4he t ub ul a r memb e rs; 
tubu l ar assemb l y ; and 



member, and the sleeve define a 



TrfC I \J U vA I d r 



*mblyf 



wh erein, prior to th e-radfaj-expansion and plastic de f ormation, a p r edetermine d po r t i on 

o f the tub ula r ass e m bly has a lo w e r yield point th a n anot he r portion o f the t ubular 
assembly 

— Tftenqftethed~a^efine€i-^^ 

p r ovi d i ng a t a p er e d wall in th e recess for matin g eng agem e nt with t h e t a per ed 

eRd-fermed-o n the flangev 

362, — Then^e-the^s^-ef^ 

provid i ng a f I a n g e~at-ea€t^tapere^nd^l^ref n-e a c h tap e r e d e nd is f o rm ed on a 

respective-flanger 



36-3, — T-he^ethQd-as^efined-in-etaHTi 362 furt-her-eemprfsif^- 
providing-a-feees-s in each tubular member 
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e^§a§-f^§-^G^f4ange-iB-a-r-e&pective on e o f th e-reeessesr 

36&; — Tho m othod as d o finod i n c l aim 36 4 further comprising: 

prov idi n g a t a p e re d wall in e ach r e cess f of- mating eng ag e ment wit h the tapered 

end-formed-en a respe€tive~^ne^f4^e4tef^e^ 

3§&-. — The^etfred-e^^^ r assembly 

has a higher ductilit y and a l o w er-yiel d po int prior t o th e rad i al expansi o n a n d plastic 
defomqa4ieR-ttoff-aflef^ I e x pa n sion-and plastic deformatiefh 

36-7, — T-he--~me-to0^ 

h as a high e r duct i lity prioFte-tke radi al e xpansion an d pl ast ic d ef ormafen-t tan a ft e r t h e r a dia l 
expan-sion-aftd p l asti c de f or m ation 

-The method — of 'GlQim'360^ wherein the predetei^mmed p* 

"terra fJXJi ml \Ji \kJ\ ivy tttc row tC3i CApai ioturi arru " piaot 

ex pa n si on and pla s t i c d e f o rm attefb 

360. — T-h-e-meteed-of c l a im 3 6 0, w herein the predeter-fflined---pQft49B-Qf4he4^bb 
tos-a-tefgef-imide-diam and plastiG-defomatio n th an the o the r 

p ortion of t h e tubu lar assemb ly . 

37ft — T he method of c l a i m 3 6€ , f ur t he r co m p rising: 

positioni n g anefeeFfa& u l a r a ss e m bl^within th e ~pFee^4sfeg-sto^ ^ 

rel a t i o n to the tubular ass emb l y ; a nd 
f-adia-tiy-e-x-panding-a nd plasticatiy-defofmlng-the o t her tubutef^assen^ry-wrtW 

preexis t ing structure; 
wkeferRT~pTOr4€H^^ 

pfedeter min ed-perfe n of th e oth e r tub u l a r ass em b ly h a s^ewer^tetd-poifiUh^ 

a-net-hep-pertion o f the-othei^ubulaf-assembjyr 

374-, — T4^e~metriQd-e£efe+^^ the inside di a meter of the rad4aljy-expanded-and 

plastieatV^^^ed-ether^-portion of the tu b ula^assemb<y-is-eq-bia-r-tG4he4 nside d iamete r o f t he 
ra^ieiryH^xpanded-^ 
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Gompftees a n end-^oftien of the tubular assembly. 

373, — Th e metho d o f claim 360, w hefei n the predet e rm imd-pofti on of th e tubu la r ass emb l y 
co m p r ises-a^toalriv^^ 

374: — The-methQd-e^afm^gQr-whefe i n the predetefmffied-po rt ion o f the-t-ubutaf-a-s-sefBtely 
comp r is e s a plurality o f spaced apart p redete rmi ned portions of the tubular as s embly. 

37§, — Th e metho d o f c laim 3 6 0, wh e r e i n the o t her po rti on o f th e t u b ular a s se mbly comp r is es 
a n end po rtion of the tubular ass e mbly, 

376, — The-met-hod-of-etaim ■3§Q- r -whe re i n the o t her po rtion of th e t u bu lar a s sembly - -Gompf-i se-s-a 
plurality of othef-pertions of the tubular assembly. 

37-7, — T h e m e th o d o f cl ai m 3 6 0 , whef e in t he-ethef^eftion o f to ^ c ompri s e s-^ 
plur a lit y of s pa^ed-apaf^o^ei^peftfefis-of the t u b u lar as s embl y . 

members co upled to one another by cefresponding tubular coupfe§-&r 

p orti o ns of the4ukula^sse mbly ; a nd wh er ein t h e t u bula r m e m be r s co mpr i s e th e ot h er portio n 
o-f-the tubulaf-assemblyr 

330, — The-fflethed~ef-etamn 378, wh efein o n e GFmQre^Uhe4u&ulaf^GQ^ 
pfe^eteFmlfted-portie ns of the tubul a r assembly. 

384^ — The-fflethod-o^eteim 378 , w h ere i n one or mor e of the tu b ular m e mb ers c o mpris e4he 
pffidetefmimd-pQftf9f^o^4he--tub u lar assem-fety^ 

&&Qr. — ipkeH^etbed-o^a^ of th e4ukufer assembly 

defi-nes-eRe-e^m ore o penings. 
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3§3~. — The method of c l aim 382, w befein-ene or meFe^4^e-opeBiB§s-€Qmpf tee s l ots . 

384, — The method of claim 382, wh e rein the anisetepy4of4he predetermined portion of4he 
tubular ass embly i s g reat er tha n 1 . 

38& — TI : *e^€#i€M3lH^ete^ 
tubular a^sembly-te-gfea ter than 1 . 

386, — The me th od o f claim 360, w herein the strain hardening exponent for the predetermined 
fieftiof^-e^the-tu^fcflar assembly is g r eatef-tban 0.12. 

387: — The--methQd-Q<^G]aim^6QrwhefeiR--the a n i s ot ro py4Qf4he-pfedete r m i ne4-por-t4en-of-the 
t u b u I af^a-ssem^t-^i-s-gfeate r than 1; and w herein t he-stram-hafden ing e x po n eR*4ep4he 
predeter m ine d portion of th e4ub u lar as s e m bly is gre at er t ha n 0 .12. 

388, — T he m et hod o f clai m 360, w herein-the-pfedetefmined portion of t-he-tub-ular assem bly 
co mp ri s es a first stee l al lo y com p fi sing: 0.065 % C, 1.44 % M n, 0.01 % P, 0. 0 Q2-%-SrQ^4-% 
Si, 0.01 % Cu, 0.01 % ^ N i, and 0.02 % Cr. 

38-&r — The-me-t-hod o f cl aim 388, wher-ein-the yield point o f the p re4eter-miRed-poFt-ion-of-the 
t u bu l ar assembly is at mest-abo ut 46.9-ksl-pfieFte-the radial-e-xpa ns ion and plasfe-defefmafenf 
an d wh e r e i n the y i e ld point of the pfedetermined portion o f th e tubular assembly is at l ea st 
abo u t 65. 9 ksf-aftef4he-^a4ia^expan si on and-pta-stic defofmattefb 

3Q0-: — The-fflethQd-Q^clajm^8^vher-ein the yield point o f t h e pr e d e t ermined portion of the 
fakutar ass e mbly aft e r th e radial e x pansi o n a n d pl astic d ef or matio n is at l eas t a b out 40 % 
grea-tef4-han4h e-y-iel4-poin t of the predeteffnlned-por-tten of the-tubular assembly prior to the 
fa d ial e x p a nsi o n an d plastic d e formation. 

304, — Th e me th od o f claim 3 88, whefein t he an is o t ropy of the-- pr e d e t e rmin e d p o rtio n o f th e 
tob^^ssemblyr-pri o r to the^a4ial^pansl0n-^d-plas-tfc d e f or m at i on, i s -about 1 .48 . 

392^ — Tbe-mett^d-of^aiR^ of the4ubul ar assembly 

comprisos a second steel alloy -Gempftemg: 0.18-%- C , 1 .2 8 % Mn, 0 . 017 % P, Q . 0 0^1 % S, 0.29 
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393, — Tk€H^et^d-^^ th e pr edetero-i-Red-pe rtion o f th e 
tubular assembly is at m o st ab o ut 57.8 ksi prior to the r a di a l e xpans i on a n d p l astic deformatio n ; 
and w herein the yiel d point o f the pred e t e rm i ned portion of th e tub u l a r a ssembly is at le a st 
abo ut 7 ^1^ k si a ft e r t h e ra4ial expan s ion a n d p l astic d e f o rma tion 

394, — The-method-o f cl a im 3 9 2, w her ein th e y ield p o int o f th e p redete rmin ed portion of th e 
fabutef^assemb^ is at least a b o ut 28 % 
gr e at er th an the yiel d p oint of t h e pred et e rmi ned po r tio n of th e t u b ular asse mbly p r i or to the 
fadiaf-expaR&ief^aRd-ptastie-defGfmaUGRT 

39& ; — T-he-methed-ofoteim 392, whereimtteH^ 

tubular assembly-p rior to t he rad-ialexp ansio n an d p l as t i c de f ormation, is a beuM^k 

396, — The method of c l aim 360, wherein the~pfedetermined po rt ion of the-tufeular assembly 
comprises a t h ird stool allo y c om p r i s i n g: 0 .0 8 % C, 0.82 % Mn, 0.006 -% P, 0.0 0 3 % S, 0.30 % 
Si^t^-Cu, 0.05 % -Ni, a n d 0.0 5 % C r. 

397, — The-method-o^otaim 3 96 , w herein the anisotrop y o f th e p r e d e t errniRed-po rtion of th e 

393, — The m et h o d of cla i m 360, w herein the pre dete rm i n ed p ort io n of t h e tubular ass em bl y 
com pr i s os a fou rt h steel-atio y co m p r ising : 0.02 % C , 1. 31 % -Mn, 0.02 % - P, 0.001 % -StQt45-% 
Si, 9.1 % Ni, and 18.7 % Cr. 

39-9, — Th e m e th o d of claim 398, wh e re i n th e an i s otropy of t he pr e d e t e rmin ed po rti o n of th e 
tebulaf-as&emblyr^ 

499, — The metho d of c l aim 360, wher e in th o yio l d po i nt of the predetermin e d portion of the 
tu bula r a s s e mb le s at most ab o u M& S - k si p r i o r t o t he^adial-expamiofHand- plast ic d e f o rmatio n; 
and-wl^reifHtt^^ 

about 65. 9 ks i a f te r the radial expansi o n and plastic deformation. 

494, — The metho d of claim 360, wherein th e y i eld point of the pred e termine d p o r t ion o f th e 
tubular ass embly aft e r th e radi al expan s i on and plastic d e format i on is at le a st about 40 % 
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greater th an the yield point of th e prec 
radial e x pansion-a-^d-filastic def or mat i on. 



"ihl\/ nrinr fry f Ha 



4Q2-. — The me t ho d of claim 360, wher e in th e anisotropy of th o p re d e termined p ort ion o f t he 
tu b u lar a s s e m b ly , prieF4o4heH^4iabexp ans ion a n d pl astie-defofma tio n, is at lea s t abo u t 1 .4&T 

— The-me t ho d o f c l ai m 360, wh ere in th e yi old p oi n t of t h e p rede t ermine d p o rtion o f th e 
fa-bu I ar-a sse mbty-4-s--a t-me&t-~abQ u t 57. 8-ksi-ftrieF-to the radi a l-exp an sion a n d-iatestie-def amatol 
and-wherein the yield poin t of th e p re determin e d p ortio n of th e tubular as s embly is a t least 
ab out 7 4.4 ksi after t h e rad^al-expafv&io^ 

4QA-, — The-method-of--€4a^ 

tubul a r 'as s e m b ly after t he rad ia l expansion and plast i c d e fo r m ation is aMe ast a b o ut 28 % 
g4^te^#ta*vtbe-yie^^ the pr edete rm ined portion of th e tubul a r a s se mbiy-p4ef-4e4he 
radial-expansion and plastic deformation 

tubutef^ssemblyr-p r ior to the r a dial-expa ns i o n a r^f4 ast ic deformat io n, is-aMeas^abeut-4-TQ4r 



of the 




n/^ t h ori of n loirn ^fiQ VA/HArra in th <^> ^niQnfrnnv/ of tho n r ^ H^ tp r rn in aH no r t i nn of th o 

tu b u lar assembl y , prior t o th e rad ial exp ansio n and p l asti c de formatio n, is at least about 1 .34. 

4©& — T h e m et h o d of claim 360, wher ei n th e anisotropy -o f th e pred e t er m i n e d po rti on o£ 4he 
tubular as sem bl y , prior to th e rad i a l e xpansion and plastic deformation, ranges from about 1 .04 
to a bout -U QQrr 

40ft — The-motbod o f cl aim 3 6 0 , wl^ei^4he^iald^o int o f the pr edetermmed-port i o n of th e 
tubulaf^assembly-T-p rior to t be-radial-oxpa nsi o n a nd-plastic-def o r m a tien , ra ng e s from about-47r6 
ksi-toab out 61 .7 ks i . 



494^ — The m e tho d o f cl alf^60r^A4^eif^4b^xpan^ b ility ceeffi-eient of th e predete rmin ed 
port i on of the tu b u l ar a ssembly, pr i or to the radial expansion a nd plast i c deformation, is greater 
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4&2r. — The m e^d-^f-elaim 360, wherein the expandakitity-eoeffietent of the predetermined 
pertien of t h e t ub u l a r assembly is greater than th e expandability co e ffici e nt of the o t her portion 
of th e tubul ar ass e m bl y . 

493-: — The m e thod of claim 3 60^-whefe i n th e tu bular asse mbl y compris es a w el lbor e ca s i n g. 

494; — The method of claim 360, w herei n t h e tubu l ar assembl y comp r ise s a pip el in e. 

495, — The m e thod of c laim-gg&r-whe rein t h e tubular assembly comp ri s e s a s tru ctu ral s u p p o r t. 

49& — The app a ratus of cl a i m 205, w herein a t le as t a po rt io n of t h e s l e ev e is c om p rise d of a 
fr-an§fble-mater4atT 

4Q7-. — Thea-pparatus o f cl ai m 205, wherein4he-waH4hiek n e s s o f the slee v e is variabler 

49g_ — The method of cl aim 31 0 , w h e r e i n at4e ast a pertio n o f the s leeve4e~eo m pri s ed of a 
frangible m ater i a l. 

40-9. Th e m et hod of claim 310, w herein the sleeve comprises-a-vaf4able-wall4Nek^es&r 

&QQ-. — The app a ratus o f claim-2 05, further compris mg^ 

mean s fo r i ncre as i n g th e axial compr essi on l o adin g ca paci t y of th e join t bet w een the first 
af^eeoBd4uteu(a^m plas ti c 
de formati on o f th e first and s e cond tubu l ar members , 

§04, — Th e app ar atus of clai m 205, fu rther com prisin g : 

means fo r i n cre a sing the axial t e nsion loading capacity of th e joint b e tween the first a nd 
sec o n d tubu la r membe rs be f o r e an d aft e r a r a dia l e x p a nsi on and plasti c 
def-or-matien-of the f ir s^and-eeeoftd-tubular members, 

§62, — The-apparatus of cl aim 205, fafthef^emprislng^ 
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IKq inint 

li t kj^xJtj rt 



e^pamion and plastic defefmati on of the first and seco nd tubular members. 



§Q& — The a ppa r atu s of cl a im 2 0 5, f urther co mpr isi ng : 
mea-RS-fef^oid+ng^tfe-ss^is 

members b e f o re and aft e r a rad i al e x p a ns i o n an d pla sti c de format io n o f th e fi rst 
a n d se c o nd tubular members. 



§04, — The ap pa ratus of claim 205, furth e r comprising: 

meafts4eiHR4u€fn g str e sse s at sel e cted p orti ons o f t h e coup lin g b e t w een t h e fi r st a nd 
seGGnd4u-bu[ar^ 

defefflRafefhO^-the-ff r st and se co n d tub ula r m e mbe rs. 



505, — The-apparatus of claim 205, wherein the sleeve4s circumferentially tensioned; and 

§Q€h — The m ethod o f cl a i m 310, furth ef-eemprieiRffi- 

ma i ntainin g the-steeve i n circumfereBfeUeBsion; a nd 

raa+Btaiftif^tk^ 

§07-. — The a p pa rat u s of cl aim 205, where i n the sle e ve is circu mferen t iall y te n s i o n e d ; an d 
wherein t h e4frs^aRd-seoond4y b ul ar me mb ers are circum f erentia l ly co m p r esaedr 

§©& — Tbe-apH^^Hafci^^lai^^ the slee v e is c i r cumfefeBtiall y t e n s i o n edfand 

whe r e i n th e fi rst and se cond tubular m e m bers are circumferential ly compre s sed r 



§QQ~. — The m e th o d o f cla im 310, furth er comprisi n g: 
— nrajRta+ftif^tfr^ 

m a intain i ng th e4fe^and-seceftd-t ubu l a r membe rs in c i rcumf e r e ntial c ompr es sion . 

§4-0, — The-methed-of-olaim 310, fuiihef-cempftemg^ 
R^RtewiR^tbe^te^ 

malBtefBi^-g-the-firs t and s econd tubula^members in circumfefe nt ial compfession. 



45 



25791.305.05 



i e a p par atus o f claim 500, whefeifHfee-meaf^feMf^GFea&ifig-the a xial compr e ssion 

and after a radial expansion a nd plastic deformation of the first a nd second tubular 
members is circumf e r e nt iall y tensioned; and wh e r e in the f i rst an d s eco nd tubul ar 
members are c i r cu mf ereRiiail y compre ss ed . 

§4^ — T he appar atos-o f c l a im 501 , wher e in th e m e ans f or i n cr easin g the ax iaUensio n loa ding 
eapaetty-8f4fre^b^^ a n d a ft er 

a radi al e x paftsier^-and plastic def o r m a tion of the first a nd s econd tubular members is 
circumferenti a ll y t e nsion e d ; a nd wh e r e in the first and s e cond tub ul ar m embe rs ar e 
c i rc u m f e r entiait- y c ompre ssed. 

§4& — The-apparafas-of claim 502, whereifi4 he me ans f or inc r e as i ng the^at-Gompfessten 

membefs~befefe-an4-after a radial expansion and plastic de fo rm at io n o f t h e fi rs t and 
second-tu b ul a r mem b ers-is circumfere n tiall y t ensioned; and-wh e rein the firs t and sec o nd 
tubu-tar members are circumfere n ti al l y c o m p r essed 



§44 — Tbe^ap par a tus o f claim-5Q3 , whe re i n t h e-me ans fo r i -aYQi€ting-s tr e ss r i s e rs i n th e-cei^pling 
between the fir st a n d s ec ond tubul ar m embers-before an d after^a-rad-ial e x pa n sion and 
plastic deformatioR-of4be first and socond tubular members is circumferentially 
te n si o ned; and w herein the first and second tubular memb ers are c i rcumfer e ntially 
eompres s edr 



S4& — The^^ratus-ef-cta^ stresses at selected 

portions of the eeu-plin§-between4he first and secer^d-tubular member s before and afte r 
a-radlal exp a nsion an d pl a stic d e f or mat i on of th e first a nd second tubula r membe rs is 
eircum-feren-tiai^^ 
cireumfefer^ly-c^ 

§46,-1 7 . An expandable tubular as sem b ly , comprising a4ir st tu bu la-r-memberf 

a-secofid-fabular membef-ee^ed to th e first tu b^ia^member;- 

a-first4hfea4ed-Gon and second t u b uia-r 

members; 

a^eGend4hfea€ie€i-Geftn^ 

eeuplmg-anothef-pertion of the firs-^and secondtubuter-membefsi 
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members; a nd 

a-seati n g el ement p ositioned between the first and second spaced apart threaded 
eemeetiefls^ef-seaJi^ 
member 

wherein the sealing-eiemefvys^sitioned-within an annulus def ined between the first 

and s econd tu b ul ar mem be r s; and 
whefeirvprier to a r a cial exp ans io n and plastic-de f o rmati o n of the^aesembt-y^-a 

predetermined portion of t he assem bly h as a low er yield po i nt than ano t her 

po rti on o f the appafatu&r 

§4^r — The-assembly-of-elai^^ 

h i ghe r du cti!4ty^Bd-a~tewep^ ld point pr i or to t he radial expa nsi on af^4-plaetie4ef Q r m a tion than 
afteMbe-radiaJ^ 

5-1-& — The asse mb l y ^elaim 516, whereifHthe- p red et ermi n ed portion of the assembl y has a 



tewer yield point-prior to the ra4iai~e x pansion and pla st ic deformation than aftef-t h e r ad ia l 
expa ns i on a n d p l astic defor m at ion . 

520, — The^assemb ly of clai m 516, wh e r e in the p r edete rmin e d p o rti on of th e a sse mbty-has^a 
larg e r i ns i d e diam e t e r af ter th e radial exp a nsien-and- p la st ic de fa m ation than oth er portions of 
the tubu l ar assembly^ 

§34-; — The^asse mbly o f cla im 520, furt her c o mprising: 

positioning a nother assembly^kbln-tbe-pfeexistin g structur e in ov e rlap p i ng r el ation to 

the as s e m b ly ; and 
fadiaWy-e^and^ 

struct bH=ei 

whefeln-r^fiof4Q the ra d iat-expansion-and-ptastie^eformatie n of the assembiyra 

predetermin ed po rtion of the other assembly has a4ewe^yietd-point than an o th er 
port i on of the-other-as-sembly-7 



expan si on an d p lestie-de f or m a tio nr 





I portion o1 
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52-2, — The ass e mbly o f claim 521, whereir^the4nside^ radial l y e^panded-ar*d 

plastically deformed othe r p ortion of th e assembly is e q ual to the inside diameter of the radially 
expa-ftdecl-aftd-plasti^^ 

§23, — The-assembly-of-clai m 516-r-wherefn th e pr ed etetrone4^€^f^4he^^emb^y 
co m p rises an e nd p o rti on o £ 4he ass e m b ly . 

§24, — The ass e mbly of claim 516, w herein the p r e det e rmined port i o n o f the assembly 
comprises a-plwati^^ assembly, 

525, — The-assemfety-^ 

eomprtees-a-p lura li ty of space d apart p red et e rmin ed-por tio ns of the asse m b lyT 

§2§-, — The assembly of claim 516, wh e rein t h e o th e r port i on of the assembly co m pr is e s an e nd 
portion of the assembly 

§27, — The-as&em b l y of claim 516, w hereirt t h e o t h e r por tio rr-of-the assembly compr-i-se-s^a 
plu r a lit y o f o t he r port io n s o f the assembly- 





plurality of s pac e d apart o the r p ortions of th e ass embl y. 

§29, — The ass e mb l y of cla im 516, wh erein the assembly co mpris es a plurality of tub ular 
members-coupl ed to one-another by correspefHsfeg4uhu1ar coupl i ngs. 

§30, — The asse mb l y o f c la i m 52 9 , wherein the tubular couplings comprise th e pr edetermined 
portio n s of the ass e m b ly ; and-wberein th e tubular members-comprise the other portiomof4be 
assembly 

§34-, — The^ssembly-o^claiffl 5 29 , w herein one or-more-o^the t ub ular-coalings c o m prise th e 
predete rmined portions o f the ass e mbly . 

§32, — The-assemfely^Glaiffi^ one-QFmore of the tufeyaf-members com p rise th e 

pred etermin e d p ortions of th e as sembl y . 
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§3S, — The asse mbly o f cl a lffl4^MA^erefn4h^ o f the -assemhty-defees 

one o r m o r e o pe n i ngs . 

§34, — The-assemfe] y of claim 5 33, w here i n one o r m o r e o f th e-^pemn gs c o mp r ise s l o ts . 
§3& — T he a ss e m bl y o f claim 533, wh ere in the a ni so tropy for th e pre d e ter m in ed po rtion o f th e 

— The~~asee m bl y of clai m 516, w hefeif^fee-aF^^ of-the 
a ssem bl y is g re ate r tha n 1 . 

§37, — Th e ass e m bl y o f clai m 516, wh e r e in t he s tr a in hard e n in g expo n e n t for the 

§3& — The^aesee^l^oTcl ai m 516, w hefeln-the^anls e trop y for th e predetermin e d portion of the 
port i on o f t he assembl y is greateMhafHQr4-2r 

eemprises a f i rst ste e l a tioy-eem^risi ng: 0.065 % C, HI % Mn, 0 .01 % P, 0 . 0 02 % S, 0.2^1 % 
Si, 0.01 % G u, 0.01 % N i, and 0.02 % Cr. 

§40, — T h e a ss e mb l y of cla i m 53 9 , wh e rein th e- yield point of th e p red etermi ned po rtion of th e 
assembl y is at mos t ateoy£46r9-ks-i prior to th e-fadial-expa n si on and plastic defor-matlon-hand 
w h erein the yield p o int of the pr e d e termin e d portion of the ass e mbly is at l eas t ab o ut 65. 9 ksi 
alte^the^dial-ex^^ 

§44, — T h e assembly o f c la im 5 3 9 , wh e r e in th e yield point of the pr e d e termined portion of the 
assemtejv^fef4he^ plasti c def o rm ation-i s at l e ast about 4 0 %-gfeater4baR 

the-yie ld p oi n t o^tho^redetefmified-port i on o f the assembly prior to th^radialex-pansioFha-nd 
plas-tf^deformatiear 



§42, — The^assemb^o^e l a im 539 r-wherein the anisotropy of t he pre4etefmfaed-po rtio n of t he 
5*r io 'F~'tO""the radial-e xpc 
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§43, — T he ass e mb l y o f c l aim 516-7-wherefR the p r e d e t er min ed porti o n o£-the assembly 
co mprises a seco n d s te el alloy -eompffefn g: 0 .1 8 % C, 1.28 % Mn, 0.017 % P, O . OC M % S , 0 ^9 
%-Si, 0.01 % Cu, 0.01 % Ni, a nd 0.03 % Cr. 

£44: — T^e-assembly-of-eta^ ef4fre 
as semb l y i s a t m o st a bo ut 57. 8 ksi- p ri or to t he radia l e x pa nsi on and pl a stic deformation; and 
whe^R4he-yi^ of t he^redeteTOiRed^e^ 7 4 A ksi 

aft er the radial expansion a nd plastte-defermation. 

545, — T he as se m b l y o f cl a im^4^MA/hefei n the yi e l d p o i nt o f the pr edetefmifted-por ti o n o f th e 
assemb ly afte r the radi aj-e-xpaRsiorv^aBd-plastic deformatio n is at l e ast about 28 % gr eater tha n 
#*ey4el d po int o f the pr edetermiRed-portio n of t h e ass embl y pfio*^4o4be r a di a l e xpansi o n an d 
plastie-delofmatfGRT 

as s e m bl y , prior to4be-fadia<-exp ansion a nd p l ast ic d-efof mati on , is a bo ut 104r 

54-7, — The a ss e mb l y of cl a i m 516, w berein the p r e d e termin e d p orti o n of th e a ssembly 
eempftee s a third s teel-atey-€ompr is ing: 0.08 % C, 0.82 %-Mn, 0.0 0 6 % P , 0. 003 % S,-Qt3Q-% 
Si, 0.16 % -Gu, 0.05 % 44h and 0.05 %-€fr 

asse mb ly, pr i o r to t he r a dial e xpa mie n and plastic deforma t i on, is about 1.92. 

§49, — The asse m b ly o f c laim 516, wh e rein th e p re d e t ermi ned portion of the-assembly 

€0m^Fises~a48U^^ 

SV^-^Ni, an d 18.7 % Cr. 

§§& — The as s e mb l y o f clalF^4& 7 ^efeff^t h e ani s o t r o py of t he-predetemwie d po r ti en-eHhe 
assembly 7 -pBe^-te4he-ra4fal e xp a n sion a n d pla s tic de f o rm atioMs-abo^l-rS^ 

§§4: — T he ass e m b l y o f c l aim 516, wh e r e i n the yi eld p oi nt of the pred e t ermine d por ti o n of th e 
assembl y is at mo s t abeut4&r94^si-p ri o r to th e radlat-expansie n a nd p la st ic de formatio n; a nd 
wherein the yi e ld point of th e p rede t er min ed portion o f the a ss e mb l y is at least abo u t 65. 9 ks i 
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after the rad i al expansion a -fid-fitastie-defeFmatienT 

§^2, — Th e ass e m bly of cl aim 516, h erein the yield po i nt of the prede t e rm i ne d p orti on of the 
assembly^ftepthe-radia^ 

t he yiel d p oi nt o f t h e-ftred etermin ed porti on of th e as se mb l y pfior-4o4he ra dial e xpan sio n and 
^iastte-de formati ofb 

— T-he^ssembly-of^ 
assembl y , prior to the radial e xp a ns i o n and plastic d eformat ion, is at least about 1 .4 8 . 

554, — The-asse m bl y o f claim-54-&rwhere in the y i e ld point of th e p r ed e tef mined p ortio n of th e 
assembly-4e~aiffle&^bo y t 57.8 k s i pr40r4G4he--fadiat^^^^^ d e f ofmafefn-and 
whefeifh#^ o f the prede t e rmin e d p o rtion of the ass e mbly is at I ea&t-a bQ-yt-7-4r4-k-si 

afteMhe^adia^ 

a sse mbly-a f t er t h e r ad ia l e x p ans i o n a n d plasti c d e formation is a t4east^bo ut - 28 % gr e a te-Ftha-n 
the^y4e]d-^eifit o f t h e p rede t er min ed-peftion-ef4he ass emb ly-pr4of-4o the ra dial expansien^and 
fila& ti c d ef orm a ti o n . 

asse m bly, p ri o r to t he^r a dial expan s ion a nd p la s tic d eformation, i s at l e ast abo ut 1.04. 

§£7, — Th e as sembl y o f claim 516, wh e rein t he anis o tr o py of th e pr e d e t e rmin ed port i oR-ef4he 
assembl y , prior to the-radjal-expaR^ioFhand-ptastic defermaUefh4s-aUea6t^oBM-r8gr 

— The-assembl-y-of-ota4m--&1-6 T -wheFein the a rn setfepy of the-pfedeterR4ned-pertion of the 
assemblyr^rief^he radial expa nsion an d p last ic de formation, is at l e ast about 1.34. 

§m~. — The-asee mb l y o f cla im 5 16, whe r ei n th e^arvteotfopy-e^ h e predet e rmined po r to n-€£4he 
a6semfe(y 1 -firiof-to4he-^adfal e xp an s io n and-plastic de-ferma t ion, ra n ges4rom-abQyM^Q44e^boy4 

— T^e-assembly-e^etai m 516, w herein tbe~yiel d po i nt of the pr edetermfRe^-por tion of th e 
assembl y, prior to th e radial e x pansion a nd plastic deformation, r a nges from about 47.6 ks i to 
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§§4^ — The assembl y o f claim 51 6 , w herein the expandabi li ty coefficient of the predete r mined 

€&2r. — The^asse mb l y o f c laim 5 1 6 , wh e r e in the e xp a nda bi li t y c oe ff i c ien t o f th e p re d ete r mi n ed 
pertion^4he--assembjy4s^ portion of the 

as sembly. 

§6^ — The as s e m bly of clai m 516 , wh e r e in th e ass e mbly compfte e s a w el lb ore casing. 

564. — The-assembly o f claim 516, w here in th e a ss e mbly c o mpr ise s a pip eli n e. 

— The-assemhly-Q^claim 516, w herein the assembly comfirises-a-s- t r uct ural support. 

— T he a s sembl y o f cla im 516, wh ere in th e ann ul-us4 s a t l ea st p a rti all y d efine d by a n 
irreg ular s ur fa ee^ 

§67, — The-assembly-ef^^ 
swfeeer 

§g& — The ass e mbly of claim 516, wh e rein the sealing el e ment comprises an e lastomeric 
mat e ri al- ; 

— The ass e mb ly o f claim 516 , whe rein the-seati ng e lement compris e s a metallic ma te ria l. 
§70, — The^assemhl y of cl ai m 516, w herefn4ho seali n g e l e men t comprise s an elast o meri c and 

574, — A-method-efrj^^ t u b u laf-members c o m phsffigf 

pfevidiR§-a- first tub ylaf-membe^ 

providing a s ec on d tubular memb e r; 

provi din g a sl e ev ei 
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thfeadably coupling the firs t a fld-6eGend4tikula^ 

thffiadabjy~ceu^[mg4 d tubula^embors at -a second-loca t ion space d 

apart from the first loc ator 
sealing an i nterface b et w e e n th e f i rst and second t ubu l a r membe rs b etw een the first a n d 

second l o cati o n s using a co m pr es sibl e se a -Hft§-el eme nt, whe rein th e4ifsUb&u4ar 

membeiv^e€0fi44ubu^ 

tu b ul ar asse mbly; and 
fadially-expandlBg an d-ptastteaHy d eform i ng the4bfb^tar assembly^ 
wherein, prior to the radial expansi on and plas tic deformation, a pre d e termin e d portion 

of the tub ular assembly has a lowe r yi e l d p oint than anoth e r port ion of the tubulaf 

assembly. 

5-72, — T h e m e th od as d e fined in clai m 5 7 1 wher e in th e seaHng-etemef it i nc l ud es an ir re gul ar 
syrfaeev 

surfa c e. 

§74-. — Thenrothod- as d e fine d i n etefFH574r^herein the s eafeg~etemen t compri se s a n 

575, — The me th od as de fin ed i n c l ai m 571, w herein th e se a l ing el e m e nt compris e s a m e t a l lic 

576, — The^e^d~as-4eli-Red-4n-Gla-i m 5 7 1, wheffifR44^se-alin§-ele-ment c omp r i s e s an 
elas to m e r ic and a m e tall i c m a ter ial. 

577, — Th e method of claim 571 , w herein the predetermined portion o f the tubular a ss e mbly 
has a highe r ductility a n d a lo wer yield point prior to th e r adi a l expans i on a n d plas t i€ 
d^fermafefntha n after t he r a4iat-expaf&4 on and p las tic deferma-fef^ 

57S, — The-fflefeed-^f-etaffn 5 7 1 , wherein the-pfedetermiRed-portiori-of the t u b u lar assemb ly 
has a highe r du c tilit y p r io r to th e radial exp a n s ion a nd plastic deformatio n th an af t e r th e r a dial 
expaR&ioF^nd-ptasti^efermatiGf^ 
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57-9-. — The method of clain*£74T-whef^^ the tubular assembly 

h as a lewer^eld^efn^prfOf4o th e r adial e xp ans i on and plastic deformatio n than afte r the r a 4ia\ 
expansion and-plas ti c deformation. 

§§& — The m e tho d o f c laim 571 , wh ereia4be^re d e t e rmined p o rtio n of t h e4ak u l a r assembly 
kas-a4argef4BSi4e di a me-tef^fte^#^H^4ial-exfiaffefo n a n d pla st ic deformatiorr-tha n th e o ther 
p o rtion o f th e t u bula r ass e mbly . 

§84, — The m ethod of claim 571 , furth er comprising: 

pesltionlBg-an-Qther-tuteular assembl y w ttl4rr4he-pree x i st ing s t ruefare4rH3verlapping 
relation to the tub u l ar as s e m bl y ; a nd 

pree xisting struct ure^ 
whepeifh-firiof^^ and pl astic deform atfer^f4he4^ 

anoth e r po rti on o f t he o th e^4ubular assembly. 

plasti cal l y def or m ed o t hef-perti on of th e t u bul ar-a ss e mbly is eq- ua l to t he in si d e d i amet er of t he 
radially-expanded a nd plasticall y deformed-other-perfen-ef th e o th er tu b ular-assemblyr 

583, — The- m e th od of claim 571 , wher ein the pre d e t e r mined p o rti on of the tubu lar as s e m b l y 
com p ri se s an~en4i3ertierHo f th e tu buJar^ass e m b l y . 

584. — Th e method-of cla im 57 Vwherein th e^redeterrmned- p o rti on o f th e tub u l ar a ss em b l y 
comprises a p lura l ity of p re determined po rtions of t he tubular assembly 

— T h e m eth o d of claim 57 4-r W herein t he p r e d ete rmin ed portion o f the tubu l ar asse mb l y 
c o mprises a p lura l ity of spaced apart pr e d e termined portions of th e tubu l ar assembly , 

586, — The-motho d o f cl a rm 571 , w herein the other-portion o f the4u-bu(ar-a-&sembt-y-GQmpri-se-s 
an e n d-por ti o n of-the tubula r aesem^tyr 

587, — The~methed o f cl ai m 57 1 , w herei n th e othef^p or t i o n o f th e t u b ular^asse m b ly comp rise s a 
p l uralit y of ot h e r port i ons of the tubular assembly. 



54 



25791.305.05 



— The-me thod of c l a im 5 7 1 , wherein the otbef-pertion of the t u bular as se mbly -eemphses-a 
plurality of spaced apaft-otheE-portion s of th e tubu tef-ass e mbly. 

§§9, — Th^method o f cl a im 5 71 , wher e in t he t ub ul ar a s s e mbly c om p r ises a plurali t y of t uteutef 
member^-€OBpted4Q-one-afiofeer by coffespef^§4uteular couptingSr 

590, — T h e me t hod- of claim 589, wherein th e tubu l ar couplings c o mprise the pr edetermined 
p ortions o f the tubular assemb l y; and w herein the tubular members comprise the other portion 
of the tubul a r a ss embl y . 

5-91^ — The-wet-bod---^ 

predetermine4^rtions-Qf4he4ubuter assembly 




§9& — The method of claim^&M^hefem t h e a n isotropy f or the prede t e r mi n ed p ort io n o f the 
tub u l ar ass e mbly is gr ea t er th an 1 . 

£96, — The m e thod o f claim 57 1, w he re i n th e anisotropy for the p r e de t e rmin e d port i on of th e 
tubular as sembly is gr e ater than 1. 

§97, — Tfre-methed~e^afm~57^ 

portion- of t h e tub u l aF-assemfe-l y is g reateFtten-9r42T 

59S, — The method of claim 571, wh e rein the anisotro p y f o r th e pr e det e rmin e d portion of the 
tut^af-assemh^^ for the 

p r e d e te r mi ne d po rtien-ef-the tubu l ar a ssembl y is greater th an 0.1 2 . 
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§99, — The-me&o<^f^la^ 

oemftri ses a fi rs t st e e l all o y co m pri s i-Rg: 0.065 % C, 1 .44- % M n, 0. 01 % P, 0 . 0 02 % S, 0.24-% 
S i , 0 . 01 % C u, 0.01 % N i, and 0.0 2 

&QQ-. — Thenqaethod o f c l aim 5 99 , wh erein t he y iel d point of th e pr -e d e te r mi ned po r ti on of th e 
tBb-utaf-a-&-sembl-y-i^at-most a b ou t 46. 9 -ksfpftef4o4l^^ de f o r mation 
and^/y&e re i n the y i el d po in t of4he prede t e rmin e d p ortio n of the tubul ar ass e m b ly is at least 
about 65.9 ksi af t er the radial e xpans i on and p las ti c deformation. 

&QA-. — Th€^met-hed^f-G!a^ 

tubu lar ass emb ly af t er t h e ra d4al e xpansi on an d p las tic def o rmati o n is at leas^abouM^-% 
fad-ia-l-e-x-fiansion a n d plastio-defefmatiofw 



&Q2r. — Th e metho d of claim 59 9 , wherein the anisotropy^of the predetermined portfOB-ef4be 
t ubu l ar assembl y , prior to th e r ad i al expansion and-pl as tic d eformation, is about 1.48. 



— The-mefted of cla i m 571, w herefR4he pre d e ter m in e d portion of the tub u lar assem&y 
comp r ises a second steel al l oy c ompri s in g: 0.18 % C , 1.28 % - Mn , 0 . 0 17 % P, 0. 00 4 % S-029 
% S i, 0.01 % Cu, 0.01 % N i, a nd 0.0 3 % C r. 



§04, — The me t ho d of claim 603, wh erei n th e y iel d point of the p re d e ter m in ed portion-oPthe 
takutapassembly is at mes^abeu t 57.8 ksi pr i or t o the-fadlaTexpan s ion a n d plastio-4eformatiofH 
and w herei n th e yield poin t o f 4he-pre4eteromed port i o n o f - th e tubular ass e mbly is a t l e ast 
a bo ut 7 4 .4 ks i affeF4he-fa4ia]-e-xpaRsie 

&Q&-. — The met hod of c l aim 60 3, wh ere in the yi e ld poin t of th e pr e det e rmin e d po r ti o n of t he 
fa&ute^ssembiy^ o n and plas t i c d ef o rma tio n is at leas^abou^g-% 

g r e at e r than the yield po i nt o ^-the-pfedete r mified-portioR- of the tubular ass e mbly pr i or to th e 
radial-expansio n and pla stio-4e-fermatioRr 

&0&-. — The met h od of c lai m 6 03, w here in th e-afnsotrop y o f th e^fedetefrnffl-ed-porti on of the 
fa^utef-assembty, prior t o th en :: ad4at-oxpaftsi^^ 1.04. 



le-rnethoe 



ajfn-§74 T ~wh^ 
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comprises a third stool al l oy c om p ris ing: 0.08 % C, 0.82 % Mn, 0.006 % P, 0.003 % S, 0.30 % 
Si, 0.16 % Cu, 0.05 % -Nir-afKj 0.05 % Cr. 



60S, — Thenree th o d o f claim 607 , wherein the ani sot rop y o f the pred e t ermined portion of the 
tokuia r asse m b ly , p rior t o th e rac fe l e x p ansio n an d p last ic de fo r ro atiorvi s about 1.92. 



§09, — The m et hod of claim 571, w he r e in the pr e det e rm ined po rti o n o f the tu bulapassemkty 
eempfis es a fo u rth steel al]oy^mfir4sm§^- Q.02 % C, 1.31 0. 0 2 % P, 0. 0 01 %-S , 0.15 % 

Si, 9.1 % Ni, and 18.7 % Cr. 

640, — The m et h od of cla im 60 9 , wh ere in th e anisotropy o f the p rede t e r mined po rti on-of4he 
tubutef-assefflfety, p r ior t o t-h^-rad-ial-e^p ans ion^and-pl asti c d eferirotionHS-abeuM-rg^ 

014, — The~me thod of cla im-574 7 ~whefetff^^ o f t he 

tukular assembly is at most about 46. 9 ksi prior to the radial expansion and plastic deformation^ 
af^whofeln4he yie l d point o f t he-predeterm i ned port i on o f t h e tub u l a r assembl y is at least 
about 65. 944s i afte r th e r adia l-expansion and plast ic deformation. 



042, — The m eth o d of clai m 5 71 , wh e r e i n the y ield po i nt of t h e ~prede t e rmi ne d p o rt io n o f the 

ad-iaj-expansioR-afid plast i c d efer-ma-tien-te-a^e * ^ ^ i ah °^ 
4d-pomt-of4he-pF 
racial-e xpans i o n an d p last i c d e form a tion . 



643, — T h e m e t ho d o f claim 571 , wher e in the ani sotr o py o f t he pre d e t e rm i n e d port io n o f the 
tobular^ssombVr-ppter to t h e radi al expansior^an^-plasfe-defor mat i o n, iSr-a^teas^ateouM-r4S, 



044, — Tbe^flethed-otete^ of the 

tobuteFassom b l y is at m o st a bo ut 57.8 ks i prior to th e rad i al e x pa ns i o n a n d p l ast i c de for mation 
a^4^hofe+F^the^ 

about 7^^44<si-afteF^e-rad4 a [ expansion and-plosti c d e form ation 



045, — The-method-of~daiffl 571 , wherein4he yield po in t of the pre deter m in e d pertion-of-the 
ty^tef-assemb^^ 

gfeatepthar^e^ie^ portion~ef4he tub ul ar a ss embly-prioFto-the 

ra^ial^panster^nd^^ 
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§44-: — The-fflethod-o^dalf R 571, wheFem-fee-aftteotFepy-af the predetefmified-portfo n of the 
tu&ulaf-a^effltetyr^ aRd-ptestic de formatio n, is aUeas- t about 1 .04. 

§4-7, — The me th od o f cl aim 57 1 , w h er ei n t he an i s o t ro py of the p red e t er mi n ed port i on of th e 
tubulaf-assemk^ 

§4-& — The-metbed o f c lai m 5 71 , w hereirHfoe-anisotropy of the predet-efmi^ed porti on of the 
tubul a r asse mbly, pri or to the radi al e x p ansion and plasti c d e f o rmation, is at le ast about 1 .3 4 . 

§49, — The-m etho d o f c l a im 571 , w herei n t h e anis o t rop y of th e prede t erome d p ort io n o f the 
t ub u l a r assembly, prior t o fee^dla^-xpa^oB^nd^lasti^eformat4en , ranges from about 10 4 

tr> ,ghni it 1 



§20, — The-m othod of claim 5 71 , w herein the yield point of th e predetermined portion of the 
Rsi-te^abe ut 6 1 .7 k si. 



&2A-. — Then-meth od of cl ai m 571^herein t h e e x pandabilit y coe ff ici e nt o f the-pred et e rmin ed 
portien-of the tubular assemblyr-prio^-tG the ra4ial expansion^nd-plastje^feiroatiervi s gr ea te f 
than 0.12. 



§22, — The-methed-ef^laif^ 

por tio n o f th e tubular as s e m b ly gr e at e r than the e x pa nd abi li ty co e ff icie nt of th e oth er po r t i on 
o f t he tubuiaFassembiyr 

§2& — Th e m etho d of c l aim 57 1, w he rein the tubular as se mbly compris e s a w e l l b o r e casing. 
§24, — The^etf^d-ef^a+m^^ 

§25, — The metho d of c l a i m 571, wh e r e in the tubul a r ass e mbly compris e s a structur a l support. 



§2§, — The-appar-atus of c l aim 205, w herein the sleeve-eemprise^ 
^aeed-apar 
fif&t^n4^€Oi^tufeulaf~membersT 
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%2T-. — The-appafatus^Glaim 626 , w hefefft-fee-ft rst tubular me mb er^m-prises a fi r st threaded 
conn ec fe fH-wherein th e secon d tubular member co m pris es a s eco nd thr e aded co nnection; 
wh o roin t h e first an d se c ond t hreaded conn e ctions are co u pled to one ano t her; w herein at l e ast 
one of the t uh u l ar s l e e v es is positi oned in opposi n g rel at io n t o the f i rs t th r e aded co nnection; and 
w her e in at least one of the tubular sl eeves is positioned in-opp osing r e lation to the s e con d 
thfeaded con n ection 

&2-S-: — Th e apparat us o f claim 626, w herein the first t ubula r-member co m p r ise s a first threaded 
connectio n ; w h er e in th e second tubular m e mber compris e s a second thr e ad e d conn ecti o n; 
wherein t he firs t and s e cond thr e aded co nn ect i ons a re c o aled to o n e^arv oth er; a n d wh erein at 
Ieast-one-of4he4^huiaf^ 
threadechGon n ect i ons. 

629, — The meth o d of claim 310, furth er comprisin g : 

thfeadably-eou p ling th e- fi rst and seco n d tubular-members at a first loca te ^ 



provi d in g a plura lity o f s l ee v e s; and 

mowtin§4ho s lo ovo s at sp a c e d a p a rt locations f or o v eftepping^d-^^^ 
second t u bular members 

%%Q~. — The m ethod of clafffv§g9r^^ o n e of the tu bular s I eeves-is-po&it-ione^B 

o ppo s in g r e lati o n to th e first threaded couplin g; an d wherein a t leas t one of the4ubu la r slee v es 
is^esfUofied-jfhopposmg-relation to the second t hrea4ed-eouptiB§r 

— The methed-^Tolaim--^ is not positiefied4n 

opposfRg-ret at ion to th e f i r st a nd second th feaded couplings. 

632, — The^a p p a r atu^ of-olai m 20 5, fwthe r comprisi -B§4 

a4hfeaded-e0meGt4Of*4e^ 

wh erei n aH east a portfOFho f the th readed-eeRBeGtieR-is-upsetr 

6-33, — The-appafat us of cl a i m 632, w h erein at-teast-a-p ortion o f tub utep-stee v e pe n etrates t h e 




fi iKi 
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§34: — Tj^R^bed-eTol aim 310, f u rther comprisiRgf 

threadably co upl i n g the first -and second tubular members; and 

u^settin§4he4hfeaded~ee-w-pJ-in§T 



§3& — The appafa-t-u-s^-Qj^taim^-Q^whefe-fn th e f i r st t u bu&^membe-Rf-ufth e r c o m pri s es-an 

aRwtef-ex tens io n e x t e nd in g there from; an d^ wh erein th e fl an ge-ef- th e s l e ev e d e fin es a n 
a nn-bf la r-mGes&4o H^e^eiv-i-R g~a n d m atiftg^qtivthe^ tubular 
me m ber. 



§36, — The-metbod o f cla i m 310, w hef ein th e first tubu l a r membe r furthe r co m p ri ses an a nn u l a r 
ex4en-sfQn^teRdin§4hefe-fr-om; a nd wbeffiki4he4laRg€H^f4h e sle ev e-4efees^i^amuter 
fecessTor r e c ei v i ng afid mat ing w ith t h e a nnu l a r-extension o f the4ifs£- tu b ular m e mb er 

§3-7, — Tbe~apparatus o f cl a im 205, further comprism^- 

— one or m ore s tr ess conc e n t rators fo r concentrating stresses i n the joint. 

comprises o n e o r m ore e xt e rna l gr o o v es-d e fi n e d in th e firs t tub u lar mem ber 

#efR-er 

co m p r is es o n e or m ore i nt e r nal groov e s d efined in t h e second t ub ular member 



§4& — The app a ratus as def i ne d i n clai m 637, w h ere i n o ne o ^ mor e of th e stress con cen t rators 
co m prises one o r m ore openings define d in tbe-sleever 



§44, — The-apparatus-as^efiRed in claim 637, w-hereif^Qne-OFmore^of the s t ress coRoeR-tfaters 
eempffses on e o r more e xt ernal g ro oves defined in t h e fi rst tubula r me mbe r; and 
wbefe+R~OR€^f^ofe^^ 
d-e fin ed i n th e seco nd tu b u tepmembefr 



§42, — The-ap paratus as-4efiRe€l4FHGtaim 63 7, wherein oRe-epmore of the s tress concentrators 
eempRses-^fie-ef^©^^ 

whefefR-OR e or m ore o f th e s t ress con ce n t ra t o r s comprises oRe o r rriefe-epe nin g s 
defiRed-fR4he-sleever 
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643, — Vf\e^p^\^y^~^&^^e^n claim 637 , w hereiR-Qfre-^^ concen t ra t o rs 

comprises on e or m ore-internal g r o ov es defined in the sec ond tubula r m e mber; an d 
w herein one or m ore o f th e str e ss c o nc en t r ators co mprise s one or mo r e o p e n i ngs 
d e fin e d in fe e s le e v e. 

644, — Tbe^ap p a ratus as defined4 n claim 637, wh e rein one or m o re o f th e s t res s con centrator s 

GGPR^mB&~BBB~Bf^PRQre external-§fQeve&-defffted4fi the first tubBtaf-membef^whef-eiB 
on e or mor e o f th e st ress concentr ators c o m prises one o r m or e i nt ernal groo v es define d 
in4he-second tubula r m e mb e r; and wher e in one or mor e of th e stress conc e ntrators 
comp r is es o n e or m ore-openings defined i n th e s l e eve r 



compnsesH^efn g th e f i rst tub u la r membe r t o c oncentra t e s tr e s se s ^/\ri#m4^ 

64-7, — T h e m ethod as d e fin ed in clai m 6 4 5 , wh e r ei n concentrating str es s e s wit hi n the joint 
een^Rses-usmg-the second tubular member to cor^Rtfat^tfesses^itt4fR4he4efB^ 

64& — Tbe-method-GS d e f i n e d in claim 6 45, w herei n concentrat i ng stress e s within the joi nt 
oempnse-s us ing the-stee v e-to co n centrate s t re sse s wi#4n4be4oR3t, 

64ft — 4be~methed-~as---de^^^^ 

com prises us ing tho first tubular member and the se co nd tu bul a r m embe r to con centr ate 
s tres ses within th e joint. 

§§0r- — The metho d as defined i n c l aim 6 4 5, wh e re i n conc e ntrating stress e s w i th i n the jo in t 

com^ftee^-using t h e fir st tu bulaf4nembef-an d the sle e ve4o-concen tr a te str e ss es-witbin 



654-. — The meth od as defined in cla i m 6 45, wher e in concentrating stres s e s w i t hi n the joint 




conc entrat ing stres ses within the joint . 




the joint. 



compn^i 




w ithin the joint. 
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§52, — ^e^efeod~a^efaed4fV^ m 6 -15, whefeif^mneent^^ th e joint 

comp r i s e s using th e first tubular m em b er, the second t ubul a r member, and the sleeve to 
eo ficontrat e str e ss e s within the joint. 

&§3, — Th^^p>afatos-0^da4m 205, furihet^emprtein^ 

means fo r ma i n ta i ning po rti o ns of tho fi rst an d s ec o n d- tu b u l a r m e m ber in circu mf e r ential 
eempressiomfcliew^ 
an d s eco n d t u bular me m bers. 



654, — Th e apparatus of claim 205, fu rther-co m prising: 

me ans for conc e ntratin g-s t re s ses witkin^bem^eeto^ th e rad ial 

expaf^Fhand-ptastic de f ormation o f th e fir st and seeond4^b^lammmber&r 



— The-app aratus o f claim 20 5 , f ur t h er c o mprising: 



1CI CI 111 est 




an d s econd t ubu lar member-s^and 
m ean s fo r con c entra tin g str e sses wi thin the m e c han i cal co nn e ct i o n d u ri n g-the-radial 
expansion-and pl ast ic d e f ormatiar^of4^^ 



&§§r 



T h e m e th od of cl aim 310, further comprising: 

HnafFtotntog-pertions of the4irs^and- s econd tubu la nmember in circum f erential 

compr e s s io n fo ll owin g a r a dial-ex pans i on and plastic d e form a t io n o f t he fi rs t and 
second tubular m e m bers 



§5-7. — The-methed-e^eta-fm 310, fBrihe^cem prising^ 

ooF^enbating-stresse the joint during a-radial e xp a n si on a nd p l astic-de format i on 

of4he first and^eeond t u butef-membefSr 



§§& — The-met-ho^^ctafm 3 1 0, -fafthenGempfteing^ 
maiateifwag-pertf©as-9 

cerrpFeseiei^ltewi^^ 
second-tubular membersi-and 
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co n c e n t ra t ing stres s es^wtfoi^ exp a n s io n a n d p la stic d eformation 

o f th e fi r st aM-seeend tubula^me mb ers. 65& ; The mettle d of claim 1, 

wherein , wherein, if the carbon content of the predetefmined-portion of~tbe 
tubular assembly member is less than or equal to 0.12 percentf-arid-whefe in th e 
carbon-e quiva l ent va l u e f or t h e predetermined p o rtion o f th e tub ula r assenqbly-te 
le ss th an 0.21 then the carbon equivalent value for the tubular member is 
less than 0.21: and wherein, if the carbon content of the tubular member is 
greater than 0.12 percent then the carbon equivalent value for the tubular 
member is less than 0.36. 

— The m et hod o f c laim 1 , w here i n t h e carb o n co n tent o f th e pr e d e te r min e d p o rtio n o f th e 

predetermine d po rti on o f th e-tobulaf^assem b l y i s less than 0.36. 



— An-expandable tu b u lar^embeiY-whe re i n the carbon CGRten^Qf4he tubular member 
less than or equal4o-Or4^-pereent; and w h ere i n the ca rbon equi v al e nt- valu e for t h e tu b^rfar 
m em b er i s l e ss -tteff-Or^ 



§6£: — The tubu la r m e mb er of clai m 6 6 1 , w herei n t h e tu b ular membe r co m prises-a- w e ll bo r e 
easi^gr 

— A n e xpand able tu b ul ar m embe r , wh e r ein the carbo n co nt e n t of the tubular m e mb er is 
gr eaier^a fv^4 j-~pe i n t h e carbo n e quiv alents!^ member-is 

l e ss than 0.3§ r 



664, — Th e t ub ular m e mber of cl a im 663, w herein-the tubular m e mb er c o mpris e s a^veifbere 
easing 

— The^ppaf^^is-ef^lai ffl 142, wherei-R-the-carben co nt efit-e^^pfe4etermine4pertlen-of 
tbe4ubula^asse mbly is l ess4harHSHFeq-u al t o 0.12 p e r ce nt ; and whereifhthe-Garb o n e quiv a-lerri 
value-fer t he predeterffmed^orfe^ 

— The-appara t us o f clai-m 1 -1 2, w hereifhtlqe-eafbon con t er£ef4he pr edetermined-portieR-ef 
tfoe4u-b^ lar a s s e m^ly-is-§ feate^t-hafi 0.12 perc er^Rd-whefei- n the earfeon eq ui v alen t v a lue f or 
tbe-predeterrrHfe^porU^ 
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6&7V18. A method of selecting tubular members for radial expansion and plastic 
deformation, comprising: 

selecting a tubular member from a collection of tubular member; 

determining a carbon content of the selected tubular member; 

determining a carbon equivalent value for the selected tubular member; an4 

if the carbon content of the selected tubular member is less than or equal to 0.12 percent and 
the carbon equivalent value for the selected tubular member is less than 0.21 , then 
determining that the selected tubular member is suitable for radial expansion and plastic 
deformation 

§&& — A--met-hQd-Gf-sete^feg--fabylar membef^o^Fadiaj-e-xpaR-sion an d-pl asti c deformation 
comp ris in g: 

sel ecting a tubular m e mb er f r om a co ll ection of tubular memb e r; 

determining a carbon content of the-setected tubular member;determining a c a fbon equiv a lent 
vak^e-fof4ha-e e l e cted tubula^fflembef; and 

if the carbon content of the selected tubular member is greater than 0.12 percent and the 
carbon equivalent value for the selected tubular member is less than 0.36, then 
determining that the selected tubular member is suitable for radial expansion and plastic 
deformation. 

669-: — The app a f atus of cla i m 20 5, wh e r ei n the carbon cont e nt of the pr e deter m i n ed p ortio n-of 
t h e apparatus i s le ss t h an or e q ua l t o 0.12 perce n t; and^hereif^the-€a^ 
th e p re determined portion of th e appar at us i s l e ss than 0 .21. 

67& — Th e a ppa r at us of c l aim 205 , wh e rein th e carbon co nte nt o f the pr e d e t er min ed p ortion of 
the appar atus is greater than 0,12 p e rc e nt; and wherein the carbon e quiv ale nt value f o r th e 
pfed et er mined porti on o f th e appa fatus is l es s tha n 0 . 3 6 . 

674^ — The-method-o f cl a im 310 , whe r e in th e-eafben- content of th e pred ete r m i ned-pertiofVoUhe 
to&u4aF-asseffl^ 0.12 pefeefrt^aad^-hefe4n4he-safbe n e quiva le n t value 

f o r the predetermined po rtio n of the4ubu lar ass e mbly i s -tess4 han 0 .21. 
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67-2-. — tte-metoed-ef-Glaim^ 

tubul ar assembly i s gr ea ter t h an 0.12 perc &frtf-and^ y herein t he cafboi^equiva-teR^-vaj u e f o r th e 
predetermin e d portion of the- t ubular assembly is less than 0.36. 

§7Sr19. An expandable tubular member, comprising: 
a tubular body; 

wherein a yield point of an inner tubular portion of the tubular body is less than a yield 
point of an outer tubular portion of the tubular body. 

— T-he~expaRdable4ubula^member o f c l aim 673, w^erefff4he-y4eld-poi n t o f the4ftB e r tubular 
po rt ion o f the t ubu lar b od y va ries a s a fun c ti on o f the rad i al po sit i o n- within th e tubu l ar bo d y. 

6-75, — The~expaf^b(e4ubul ar m e mb e r of daro-gT^r^^ the i nne r tubula r 

pQf4iQfi-Qf-t-he-4ufeBtar-body va fle s i n an l in e a r fasbi on a s a -fu-Rotion o f the-^iaj-positoq^^ 
the tubular body. 

§7-& — Tbe-e^ p an dabl e tu bula r membef-of-Gkaim 674 , w he rein the yi e ld po in t of the inner tubu lar 
wit h in the tub u lar b od y . 

6-77^ — The expandable tubular membe r of clai m 673, wfrereiri4he yi e ld p o int of th e out er 
t ub ula r port ion of the tubular body vari e s as a funct i on of th e radial posi tion within the tubular 
bodyr 

67--S, — The-expafidable4ybulaf^ 

t u bular p ortion of th e tu b ul ar b ody varie s in an lin e ar fashio n as a f u ncti on of the-rad4al-^o^ition 
Wftbffhthe4ubuta r b od y . 

67-9, — Tbe-expafidakte4ubulaf^^ 

tubular p orti o n o f t h e tubular b o dy varies in a n no n- lin ear f ashi on as a fu nc ti on o f t h e r a dial 
posi t i o n wi th i n th e4ubut a r bod y r 

6S0, — T-he^xpar^bte4u^^ 

wheffilmthe-yiel d p o int of the4iwe^tubular portion of the4ubutaf-bedy varies a s a 
faf^tieme^e-radja^ 
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function of the r a dial-p os ition within th e-4uh ular b odyr 



— The expa ndabl e tubula r memb er of claim 6 8 0, w her e in the yi e l d po i nt o f the inner tubula r 
p or t i on o f th e tubular bo d y v aries i n a lin e ar fashion as a fun c tion o f the r a d ia l p osition w it hi R-t-he 
tubutertedY^ of the out ^utola^poFtten-0f4he tu bu l a r bod y v aries-in 

a linear fash ion as a funct i on of t he r adial position with i n the tu bu l a r bodyr 

— The e xpa ndab l e tu bu l a r m embe r o f claim 6 8Q^whe r e in th e yi e ld point of the inner tu b ula r 
pQftiQf^oRhe4ufe u ^ a r fashion-as a function of theH^a^fehposttien w i t hin the 

t u bu la r bo dy; a nd w herei n the yi el d point o f th e outer tubu l a r po rti on of the tubu l a r b ody var i es in 
a-RGf^Rea^-fa-sW^ 

683, — Th^e-xpa Rdabte-tutota^-me m b e r o f c l a im 6 80, w h€^R4beyiel d point of th^imer-tufeular 
portion of the-tubular body va r i e s in a non-linear fashi on as a function of th e rad ial po si tio n 
wrth4fHthe4uhulaf-hedy^ the-yietd-peint of t h e outei^^ufariaf-peFt i o n o f the tubu laf 

bod y va ries i n a4in ear fashio n as a fu n cfe n of th e rad ial pos it tefHA / i th i n th e tu b ular b od y . 

©84 — The-ex-paRdable tu b ular m emb er o f cl ai m 68 0 , wherei n th e y ield p oi n t o f the i nn e r t ub u l a r 

bo dy varies in a non - linear fashion as a function of th e radial pos i tion wit h in the tubular body . 

68§, — Thee x pa ndable tu b u la r m e mber of claim 680, wh erei n t h e rate of c h an g e of t h e yi eld 
pofR-^9^he4-nRef4uhBlar-pQffefi-of t h e tub ul a r body-is-different th a n the-rate-9f-eha^§e^ef4he 
yie l d po i n t of t h e outer tubular portion of the tubular b ody. 

§8& — The-expaffdahte-tuhbflar m o m bor of cl aim 680 , w h e r e in th e rate of c h an g e of the yield 
petR^ef4he4nmFtuhu^ 

y iel d p oi n t o f the oute r tubula i^ertio n of th e tu b u laf-bedyr 

68^ — The-methed-efetaim-Vwhefein a yield-pei-Rtof- an i n n e^u&u4a^pertioR-ofa44eag^ 
pef^eR-e^the4ubutaf-ass th an a yietd-peiRt-ef-aR-outer tu b uiaf-periien of the portion 

of4ho4uhuiaf^ssemhly7 
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688, — TbeHqRethed-ef-Gla^ 

tubular be4^afies~a5^ w iifrifHthe t ubul a r bodyr 

6S-9, — T h e me th o d of claim 688, wher e in th e yi e ld po i nt of the inner tubula r p orti on of the 
tu bu l a r bo d y va r i es in an lin e ar f ashi o n a s a fu n c t io n of th e ra d i a l pos i t io n within th e tu bu la r 

690-: — The metho d of claim 688, wher e in th e yie l d po i nt of the inner tubul ar p orti on of the 
tu bu lar b o d y vari e s i n an non ■■ lin ear fashio n as a func tion of the radial po sition w ithi n t he t ubu l a r 
bodyr 

604, — The-method-o^ 

t u bular b ody^afies-a ^a function o f th ^rad ial posit iof^i thin th e t ubulaE-bedyr 

&Q2r. — Th e method of c l a i m 6 9 1 , wherein the yietd-poi nt of t he outer tubular portion of the 
fa-butef-body-A/ar-i e s in a n line ar fash i on as a func tion of the-Fa4fa<-pos iti on with-m-the tubular 
bo d y . 

— The-meth od of c lai m 6 &4^where in the yi e ld p oint of th e outef4u^ulai^0rtfon^M^ 
febuJaf^edy-^ 
bedyr 

t u bular bod y v ar i e s as a func tion of th e ra di al pos i tiotvwithin the tubu l ar body; and wh ereln-the 
ylel^-po i nt o f t h e outer tubular p o rtio n o f the t ubutef-bed y vari es-a-s^a-fonetion of th e radial 
peeftefH with in the t u bu l a r b odyr 

§9€h — Theffle- thod o f claim §94 , wh e re in the yield point of the inner tu bular portion of th e 
tutwtef^dy-vari^ 

and^wtwem4he yi e l d poif&- ef the out -ep4ufeuteFpertfOFho f the tubula r b o dy ^a ries i n a li n ear 
fasi^n-as-a4u^ttefh^ 

&Qg-. — The meth od of claim 6 9 4 , wh e rein the yield point of th e inner tubular port i on o f the 
^k^laf^ fashi o n as a f un ction of the radial-pesitieR- within th e4ubu-la^-body^ 
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and w herein the y iel d po i nt of th e out e r tubular portion of th e t i 
fashion as a functi o n o ^ the-pa€tlal-position w it h i n the-tobulaf-bodyr 



§97^ — The^e£hed-ef^taifT : ^^4 r whe^ 

tub ula r b o dy var ie s in a n o n - li near f a shion as a functi on o f the-ra4i al p o sit i o n wit h i n th e4uku-lar 
tedy-^and-^hereifHthe y i e ld poi nt o f the^ute^tubuta^peftfef^o^he-tu^ul a r b od y v aries-i^-a 
line a r fashi o n as a^w ct io n o f th e r a ci al p ositi o n w it h ln-th e tubula r bod y . 

6©& — Th e m e th od of claim 694, wh erein the y iold point o f t h e i nner tubular portion of the 
tufe^a-pbedy^-^ 

bo dy ; a nd w hefein4he^ / i e ld p o i nt o f the o uter tubular p o rti o n o f the t ub u l a^bed y va rie s i n a no n- 
linea^sWon-^s-^fuf^^ 

&Q9-. — The-fflethed-of-Gtai-m 6 9 ^1, wherein the rate o^etef*ge~ e f t h e y ield po i nt o f the-ffwef 
outer tub u ta^pertfon of t he tubul a r bo dy r 
7-&Q-. — Tbe^efted-e^etaim^ 

faMtapportio n o f t h e tu b ulai^bed y is di ff erent than the rate of cha n ge of the y ield-poi nt o f th e 
Qutef-t-uby-ta^-portien-Qf th e t ubula r body r 

704: — Th e apparatu s of cl a i m 142, wh e rein a yield point of an inn e r tubula r po rt io n of at leas t a 
port i on Qf-t-he4ufeula-r as se mbly is le ss than a yi e l^-poif^^an-auter tu bu la r po r ti on of t he portion 
o f the tufeu lar assem b ly . 

702; — The-app aratus of cl aim 701 , wh er ei n the yi e ld point of th e- inn e r tubular portion of th e 
tubular bod y varies a s a fu nctio n o f t he ra dial posit i on within the tubular body. 

70S-: — Th e app ar atus of claim 702, w herein the yi eld pom^of4he4nnef4ubul ar portion of th e 
fate^laf-body^a r ies in an l in eaf-fashia n a s a fun ction o Pt h e ra d i a l p o si ti on wiy^n4he4^bular 

764, — T-he appar a tus o f c l alm-703-rWherein the-yield-peint of the iniw-t-ubular-poftfon-of4he 
to-bulaf-bedy-varies in an non lin ea r fashio n as a fun c tion of th e ra4ial~po€^on-wi t h i n th e tubul ar 
feody-r 



68 



25791.305.05 



7Q&, — Tbe-appafafa- s o f c la i m 701 , wbemin4he-yi^ tubular-po rtion of t he 

tub-ular-body v aries as enftmeti on of the-fadial position within the-tubuta^-bedyr 

706, — Th e a ppa ra tu s of cl a i m 705, wh efeifh4freyi el d p o int o f th e o ute r t u bula r p ertien-of^he 
tukatef-bedy-vafies^^ a s a fu n etiGn-G^he-f^i al po s i ti o n w t^fHfee-tbfbuiar 
feedyr 

707, — The appar atus of cla i m 705, wh e rein th e y ield point of the out e r t ubular p o rtion of the 
tub-ula^-body va fies4n-afH^Qf^near fashion as a fun cti o n o f the-fadJat-pesitief^ 

bodyr 

70S, — T h e appa f atu s o f ^teim-T^M^he rei n th e yi eld p oi nt o f fee4nnentu& ular port i on of th e 
tb^ular^ody-vaf i e s as a function of t t^adiai-pes riion w it h i n t he tu b ular b ody^and-whe r ein the 
yield point of the outer t u bu l ar p o rt i on of th e4ubular body vari es as a functio n of the radial 



7-0-9, — T he a p pa ratus of cla i m 708, wherein th e yie l d po i nt o f t he-tn n e r tub utenpofte n of the 
tu b u lar bod y - vari es in a linear fa s hi o n a s a function o f the rad i al positi on w i#nn4he t u b u l an&edyi 

f-asfoien-as a function of the-fadfakposftervwithin tbe-tu-baJaf-bedyr 

740, — The-apparatus of clai m 7 0 8 , w herei n the y ield point of the4nnef4ufeuiaf^fti o n of th e 
tu-katef-ko dy v ar i e s in a lin e ar fashion a s a fun c ti o n o f th e ra d i al positiorH A^ thin the tubu l ar body f 
and~wkefein4he^^ t of th^^uteFtob-utef-pertien o f the t u feute^body^varies i n a-non4inear 
f as hi on as a-fu n c t io n o f t he r adial position within th e tu b u lar body . 

744, — Tke apparatu s of cl a im 708, w h er e in th e yi e l d point o^ t he inner tub u lar port i on of th e 
tubu l ar b o dy^/ari es in a n en4ineanfesb-io n a s a f unctio n o f t heHFadial-posito 
bo dy ; a nd whe r ein t h eyiel d point oPfche-eute-r tubula r po rtio n of th e4bfbula-F-body-va4e s i n a 
tineas-fashio n as a fu nctio n o f t he r adial p ositiefHArittw^ 

742, — The-apparat us o f clalm^708 T -wherein4he-yietd point o R ^e-innef-tubbflaf-pertien of the 
tuteyta^bedy^a4es4F^ as a f un ct i o n ef the radial p os itio n with i n th e tubula r 
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body; aa4 




M-peint-«f4he^fcrteF^^ 




l in e ar fashion as^Gfa-otf ie radial positi o n w i t h in 4he4ubutef-bedYr 

743-. — The appa ratus of cl ai m 7 0 8 , wherein the rate of chang e of th e y ie ld poin t o f th e \rnet 
tubular po r t ion o f the tub ular b o dy4s^di#e r e nt t h an th e r ate o f change of the y ield-poin t of th e 
e ater tubular port i on of the tubular body. 

744, — Tfre-apparatus of e te im- : EQ^ o f t he^4el4-^eif)t o f the-inner 

tubular port i o n o f the tubu l ar bo dy is different than th e rat e of chang e of the yield point of the 
outer t ub u<af-poftion-of4he tubula r bod y . 

14%-. — T-he-~-me-thGd-0f^teim^^ 

le ast a p ortion o f the tubular as se m b ly c omp r is es-a-mterost ruc t ur e c ompr is ing a ha r d p ha se 
structure an d-a so f t ph as e s t r u c t ure. 

— Tke-meth o d o f clalm^^A^rein-firf o r to th e ra d ial-expansion and plastic deformation 
aMeasia-po rti on o f t h e t u b u -tar-assembt^-Go mprises a microstru ct ur e com p rteln§-a--tran-sitioBa[ 



7-1-7, — The-me t hod of c l aifThT^-whefeirKthe h a r d phas e s tru ctu r e compris es-fRartensiter 

T4&, — T he m e th od o f cl ai m 715, wher e in th e soft phase structur e comprises ferrite. 

7-1-&, — Th e me t h od of claim 715, wh ere i n the transi t ionaj-p&ase s tr uctu r e comp ri se s re t a in e d 
aus t en t iter 

720, — The meth o d of cla i m 715, wh e r ei n the hard phas e s truct ur e c omprises m artensite; 
whe r ei n t h e s o f t pha s e s t ruct ur e c ompris e s forrit o; a nd wh e rein the t rans it ional phas e s truct ufe 
c o m prises r e t a in e d a ustentite. 

724, — The-fflefoed of claim 715, whef^ifh-fee-portioR^f4he4ub u I a r as se m bl y co m fiRsifig^a 
miet^ruetufe^o mpris i n g^^ a s o ft ph aee structu r e compr isesr-b-y 

weight percentager-about 0.1% C, abou t 1 .2% 4Vlfi T ^nd-abeu^ 
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com prise s a m i crostruct u re com pri s ing a hard phase-stH^ctu-re-and a so ft ph ase s tructur e. 



723, — The-apparat-u&-ef-elaifB-722 , w ^ef^i^fief4e4he-r-ad-ial expansion-an d plasti c 
d e formation, a ^le ast a porti o n of th e tu bula r assembly co mpris es^- microstructur e comprisin §-a 
transitieRal-phase-s-tpuet-ufeT 

724, — T-he-ap^afatu-s of c l aim 722, w herein the hard-phase s t ructure com prises marteasiter 

725, — Tha-afiparat-u-s-G^ctaim 722, whefein4he--saft-^hase^truet-ufe c om p r is e s f erri t er 

72& — T-he-apparatos-af-clafm^ 
austervtter 



727; — The apparatus-of cla i m 7 2 2, wherein the~hafd- p has e structure comprises martensitei- 
where i n the-so-ft-phase stru c ture com p ri se s fe r ri t e; and wh er ein the tra n sft-iona-l-phase-st-r-uct-ufe 
e ompris es-fetamed a ustentit er 

72& — The^ap paratus of ctai m 72 2, wh e r e in th e po r tio n o f the-tubutef-assembly c o mpr is ing a 
wei ght percentage, about 0.1% C, about 1. 2% Mn, and about 0.3% S i . 

72Qt20. A method of manufacturing an expandable tubular member, comprising: 
providing a tubular member; 
heat treating the tubular member; and 
quenching the tubular member; 

wherein following the quenching, the tubular member comprises a microstructure 
comprising a hard phase structure and a soft phase structure. 



730, — The m e th o d of claim 729, wh efefn4he^fov ided t ub ul ar member co mp ri s e s , b y w ei g h t 
pefeeatege, 0 .065 % -Gr444%4d^^ S i, 0 . 01% Cu, 0.01 % 44f T ~QrQ2% 

GF r -Q T Q§ % V , 0. 0 1 % ~M o, 0.0 1 % H^a^d-QhQ-m^ 
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/Me44^ulai^embef^mp4&es > b y weight 
porco ntag o, 0.18 % C, 1. 28% Mn, 0.017% -R T ~Q^04 % S, 0 .29 % S i , 0.01% C u, 0.0 1 % -Nfr^Q3% 
C r, 0.0 4 % V, 0. 01 % M o, 0.0 3% -Nb, and 0.01%T+ 

732, — The m etho^o^etal m 72 9 , wh er e i n t he pro vide d tu b ul ar me m b e r comprises, by w eight 
p er c ent a g e , 0.08% C, 0.82% Mn, 0.006% P, 0.003% S, 0.30% Si , 0.06% Cu, 0 ,05 % Ni , 0 .05% 
G*v 9 .03 % V, 0.03%-M o , 0 .01 % Nb , a nd 0. 01 %T h 

-733, — The metho d of claim 729 , where in the p rov ided tubular member co mpr ises a 
ni ck e l c a rb i de, or ti ta niu m c arbid e . 

734, — The-metho d of claim 729 r^ vh erein the-ppevid ed tu b u laM^embef^mpffeas^a 
mtems-t^tur-e-eGmpr is ing o n e or m € 



maf-tefisiteT-va Rad-i u m carbid e , ni ekel c ar bi d e, of4fefwm ca rb i d er 




73§, — The-m etho d of cla i m 7 2 gy^efeirv-the- h ea-t-4feati ng--€-om prises heat i ng th e pro v i d ed 
tubul ar member for a b oy-t 10 mi nut e s a t 79 0-^Ct 



737, — The-methed of claim 72 9 , w here i n the qu e nch i n g co mpr is e s qu e nchi ng the h e at tr e at e d 
tub u laH=nefflfee^ 



733, — TheH^ethGd-Gl^lairTf-T^ 

eompfises a mi crostPBc tur e co mpris i ng on e-of-mofe-oTfee-feltew i ng: ferrite, gr ai n p e arlit e, o r 
m artensite. 



73-9, — T he method of cl afffH72QrwheffilB4etio w ing the qaefi^m ^h e tubular m e mb e r 
eompftees-a-mtefesfruoture co m p risfng-one or more-of the follow if*§f4efrite^ 
balniter 



i nite, pearlit 



, forrif o 
re 'l f rtcrr 
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744: — Tl^e-ffle4ted o f cl aim 72 9 , whermn4oitowing the-^eftclw^the tubular member 
comprises a y iel d str e n g th o f about 67ksi a nd a tensi le s tren gth of about 95 k s i. 

7-42, — The-method of daifFH?g9~wbe r ein f o l lo w ffi§4he-quen chi ng, the4y-bHla^ember 
com p r ises^4 e l d st re ngth o f about 82 ks i and a te ns i l e stre n gth of a b out 1 3 0 ksi. 

743, — T h e m e tho d of cl a im 729, wherein following the quenc h i ng, t he tubu lar me mbe r 
€omp rises^-y-ietd-st-f eng th of about 60 ks-i^and-a-teRsile-stFength of akea^-97-ksfr 



positio ning th e q u en Ghed4-u buiar mem ber with in a-pree x i sting st r u c t ure; a nd 
fadlatiy-expaf^in g and pl a st i ca ll y d e f ormin g th e tubul a r member- with in th e pree xi s t i n g 

c.tri i oft irp 



745, — Th e ap p a r atus of cla i m 142 , w herei n a£4eas t a p o r ti on of th e tu bul ai^assembly 
comprises a mic r ostructur e comprising a ha r d-phase s t ructure~aFf4-a-seft-f >h a s e s t ructure. 



^rei n th e po rtio n of the tubular assembly-comf 
weight percentage, Q^m%~G T A^U^^0 m% P, OrOOgSfr-S, 0.24%~S^ Q.01% Cu, 0 ^4^ 
0.02 % Cr, 0.05% V, 0 .01 % M o, 0.01% Nb, and 0.01 %Ti. 



747, — T h e app ar atus of cl aim 745, w h e rei n th e p o rti o n o f t h e tubul a r ass e mb l y c om p r ises, b y 
weigj^pefeeRtage, 0.18 % C, 1. 2 8%-M n , 0. 01 7g4rPr^OQ4%-S r 0^9 % S i, 0.01 % C u, 0.01% Ni, 
0.03% Cr, 0.01% V, 0.01% Mo , 0 .0 3% Nb, and 0.01 % TW 



74§, — Th e apparatus of claim 745, wherein th e portion of th e tubular assembly compris e s, by 
woig h t perc entag e , 0.0 8% C, 0.82% MR r 0^0&%-4VQrQQ3%-S > 0.30% S i , 0.06% Cu, 0.05% Ni, 
&m % Cr, 0.03 ° /<A / } 0.03% M o, 0. 01% -Nb^aft d 0 . 01 % TW 



749, — Th e apparatu s o f claim 745, wher e in the portion of th e tubular assembly comprises a 
micro s tru cture compr i sing one or mor e of th o4oHowm§ : mart e ns i t e , p e ar l it e, v a nadium ca rbid e, 
Rteke l ca rbidey-OF t i tanium cafbider 
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• claim 745, wherein th e p orti o n of the tub ular assemb ly cor 
ff^ostoGk^-^^ o r pearlite stri a tioRr 



75^ — The-appafatue-ef-el^ 

m ic ros tr ucture comp ri s i ng on e or m ore of the f o llowin g: g rain-pe arlit e, wi d m a ns tatten 
martensfter-vanad-iu m ca r b id e, n ickel-eaFbideT-of^ 



— The appar atus of claim 745, where i n the portion of th e tu b ular ass e mb l y c o mpris e s a 
microstructure co mpr i s i n g o n e o r mo re o f the follo wi ng : f e r rite, grain p earl ite , o r martensite. 

75^ — T h e ap p a rafas-o^elai m 7 45, w her e in t h e-portie n of th e tubul a^as s e mb l y c om pri se s a 
mterastwetu re~GGi^ 

— The-appa rat us of cla i m 745, wherei n th e po rtten-oPfee tu bular assembly comprises-a 
fffierostmcture compfisfn§-oae or mor e of the-feHowing: bainite, peariiter-Q^ferriter 

7§&; — The apparatus of cl a i m 74 5, w herei- n the port io n o f the 4uby-l ar a sse m bly co m p r ises-a 
yie l d s t rength of about 67ksi and a ten s ile streng th nef-abo ut 9 5 ksi. 

~7R& "ThiQ onnora ti iq rt f pl ^i m 7/1 Ja \A /hp*n^> i n fh<^ n ortinn nf t hp t i 1H1 liar . aQCft mhlv rnmnn^p^ 

f alh 1 \ tt» d Ly \J CTi"dtuO"t/1 — ol'CS'i'TTi — t ' \ kJ , — VVI ICJI I trrv? pUl U\-/rf \Ji trrc; ccrcrtxrcn uooci \ \u\y uurripi iaGv) c* 

yiald-strength of ab o u t 8 2 kshand-a4ensile strength-efabeut 130 ksi. 

7§7, — The-apparatu^o^Glal m 745, wh ere i n tt^portiQfH3Tthe4^^ a 
yiel d stren gt h of abo ut 60 ksi and a tensile strength of ab o ut 9 7 ksi. 

7§§t21. A system for radially expanding and plastically deforming a tubular member, 
comprising: 

an expansion device positioned in the tubular member; and 

wherein the coefficient of friction between the expansion device and the tubular member 
during radial expansion and plastic deformation is less than 0.08. 

T-&9-: — The-syste m of cla im 758, w lwein4he-GeeffiGie^ of .02 to 0.05. 



— The system-ofr-etaim 7 5 8, additionatty^emprising: 
febriGant-betweeft4he4^ 
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— The system of cl aim 760, w herein the lub ri ca nt c o m prises oit-teeedr 
76-2, — The system of claim 760, w he r e in t he l ubric a nt compr i s e s H1 oil. 
76& — Ths^ystem^folaif^^ 
764. — T-be-sy&tem-G^^ 

J%%~. — The^systercH^laim 760-r-wherein the4ufefiea^t^mp-rises-H4^ilT 
76& — The---sy&tem--Gf^^ 

767, — Tbe-s-ys t em o f claim 760, w he r e i n t he lubricant comprises H6 oil 

tr^in t h o \ \ i Kr ir 

769. — The-s y stem of cl a im 76 0 , whefein the lubric an t c om p -Rses-gfeaser 

770, — The-systefn-o f cl ai m 7 §ftrWherel R th e lu -hricaf rt co mpris e s -watef-base4r 

774, — The sy s tem o f cl aim 7 6 0 , wh e rein the lub ricant co mpris e s drilling mud . 

T£2r. — Th e system of claim 760, w here i n t he l u brican t co mpri ses d rilling rnudr 

7-73, — The-syste m o f clai m 760, w her e i n t h e lub r i can t co m p ris e s drilling mud and solid 
luferteantsrr 

774, — The^stefflHaf-^lain^^ a s olid 

l u b r ic ant . 

77^ — The-system-e^olai m 760 , w her ein t h e lub ri ca nt comprises a t-le ast 1 Q ° /o ~GfapMer 
776, — T-he-sys-teffl-Qf-efai m 760, w herein the ty-bRean-^eemp r i s es at least 10 % M olybdenum 
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77-7, — Trie-system o f cl aim 7 5 8, a d dit i o n all y comfH^teg^ 
a coating on t h e expa n sion de vi ser 

77& — The sy s t e m o l etef m 777 , whe re i n t h e co at i ng co m pr is es Phy ge n film . 

779-; — The sy ste m of cl a im 758, ad d it ional ly c o mpris i n g: 
a^afeg^n4he4yb^a^RRemfeeF, 

780; — Th e syste m o f cl ai m 779 , wh e re i n the coating compris e s PTFE. 

7§4r- — The-sys-t-em-oM 

782: — The---system~Ql-Glaifn 7 79 , whe r ei n th e coafe g comprises graph i t e bas edr 

784; — The syste m o f cl aim 758, w hefete-the-e x pa n sion d eviee-eomp rises DC2 materia l 
T&5-: — Trie-sys t e m of claim 758, whereirv4rie expansion de vi ce compffse s D C3 material 
786, — T he sys t e m of clai m 758, wh e re i n th e ex p ans i o n d e vi ce co mprises DCS mat e ria l 
787; — The s yst e m of c l aim 758 , wh e rein th e e xp a n sion de vi ce com prises DC7 material 
78& — The syst e m of c l aim 7 5 8 , wher ein the expansi on d e v i c e c o mp rises M2 m ate ria l 
?m — Th e s yst e-m-o f claim 758, w h er e i n t h e e xpansion d evi ce com prise s CP M M A mat e rial 
79ft — The-system-ol claim 7 5 8, where i n th e-expa nsi o n d e vi ce co m p r i s es 10 V material 

— Trie-sys t e m of cl aim 758, w herem-trie-e xpans ion devte e c om prise s 3 V m aterial 
792-; — Trie-system o f cl ai m 75 8 r-w4^efn4he^paftsteR~device comprises an REM -fimsrir 
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793, — Th© s y stem of claim 758, w hefei n th e expansi on d e v i c e comprise s a pro c e ss ed-fifflsfe 
1Q4~. — T-ho system o f cla i m 758, wherein the e xpa nsion device comprises a relatively smooth 



— The-eystem-e^Gla^^ 
r o u ghn es s and includ e s re lativel y evenly sp a ce oil peeketSr 

7Q&, — The system of cl ai m 75 8, w herein the expansio n device has a s mo o th surface 
ro ughn e ss in the range of 0.02 to 0,1 micrometers 

7-97-: — T4ie-sy&tem-ef--G^ 
expansicu^-device-betweer^ 

798, — The system of claim 758^wherein lubricant is injected through at least a p o rtio n o f th e 
expan-siori-deviee-betweerM^^ an d th e -ex^an sion dev i c e w hen-a 

pred e t e r mi n ed p r e ssur e i s rn ek 

7-9-9-. — Thesys t e m o f cl aim 758, wherei n lub r i c an t is4nje ct e d thr o ug h at4easMw^poft-ion-s-of 
theexpansion device b etwe en the tubu l ar m e mb e r a nd th e e xp ansion d ev ice a t t w o d iff erent 
press u res. 

&QQ-, — Wie-system-ef-ela^ 

a4apere d p o r tio n w ith an -ou t er surf a ce; 
internal f lo w p assag e in th e-tapered-portion; and 

aUeas^ en e ci r cumf e r e nt ia l groov e ha v ing a first ed g e an d a se con d e d g e -hav i n g with a 
s li di ng angle on the o uter surfac e of t h e ta pered portion flu i di cl y coup le d to th e 
i nt e rn a l f lo w p as s a ge for r ece iv i n g l ubricant d ur i n g r ad i a l e xp ansi o n a nd p l astic 
defeff^ler^^t^twte-u-ta^membefi 

wherei n th e sliding ang te-is l e ss than o r eq^^at4 o 30 d egreesr 

&Q4~. — Th e system of cl a im 758, wh er ein the ex p ans i on deviee-eomprisesf 
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stfdm§-afi gl e on the ou ter surfa oe-e f th e tap efed^eftian-fluid ic l y cou-pled4e4ke 
internal flow passage fo r rec eiving lubricant during radial e x pansion and pfastte 
d e f o rm ati o n o f t h e tu bu lar m e mb e r; 
whe r e in th e^Mng-a flg le is le ss tha n o r equ al to 10 d e gr ee s. 

&Q2r. — Th e s yst e m o f cl a im 758, a d di ti onally comprising 

lu b ricant be tw een the tubu l ar member and th e e xp ans i on de vice, comprising at l e ast 
nine c o m p onents selected fr om the group consisting of: 
a-base- e il; m e tal deactivatefi-antioxida^^ 

ester; p hosphori c aeid^ /is c os i ty m o dif i er ; p our -po in^ de pr ess a -n^ 
defoamer; aRd-carboxytte-aeid-soapSr 

— The s yst em of claim 758 t w he r ei n t h e-expaflsieR-devtee c omprises^ 

a4apered portion having a4apered-faGeted polygonal outef-expa n sion surfaeer 

a4apere d p o r t i o n h a ving a ta pered4aeeted pol y go n a l oute r e xpans ion surfaeer 

-The-sys-tem of claim 75 8 , whefem4ubfieant is stored in a^esefvoi^wftfo-eteetfflde s that 
ar e e le ctricaHy coupled a c apa c it or in th e e x pan s i o n device and is in j ec t ed through at least a 
port i on o f tfreexpa n s i on devtee~be4weeft4he t u bu la r mem bef- an d the-expaeston device when 
th e cap acitors discharges . 

— T he system o f cl aim 758, wh e rein th e tubular m e mb er c omp r i se s a w ellb o re cas in g. 

807, — T he sys te m of claim 7 5 8, w here i n the tubul a r member comprises a pipeline. 

80S, — Tfre-e y s t e m of claim 7 5 8 , wh e r ein-fee4ute-ute^me mber compris es a s tru ct ur al-eu-ppertr 

800, — The syste m of clai m 758, w herein the expansion deviceeempfiees a n expansion-eoner 

840r22. A method of radially expanding and plastically deforming a tubular member, 
comprising: 
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positioning an expansion device having a first tapered end and a second end at least 

partially within the tubular member; 
displacing the expansion device relative to the tubular member to radially expand and 

plastically deform the tubular member; and 
wherein the coefficient of friction between the expansion device and the tubular member 

during radial expansion and plastic deformation is less than 0.08. 

844-: — Tb€H^ethed~o f cl a im & 4&rWhefBtf^^ .02 to 0 .05^ 

S42, — The m etho d o f clai m 810, additiQftatiy-eompi%i^§4 

i nject i n g lu bric a nt bet w ee n the tubular member an d t h e e x pansion deviser 

84-3, — The-me thod o f claim 812, w herei n th e l ub r i carv^eom pris e s oil basedr 

844 — The method of claim 812, wher e in the lubrican t c ompr ise s H1 oil. 

84& — T h e m e th od of claim 81 2, w he re iFh4he4u-bhe ant com prises442-oflT 

§4& — The~methed of c l aim 812, w her e i n th e l ubr i c ant comprises H3 o il. 

847, — The method of cl ai m 812, w hereifhthe4uhhcant comprises444-0fl 

&4& — Th^H^ethod o f cl a im 812, w her e i n t h e lub ri ca^Qfflpfi6es44#-ejlr 

84ft — Tt^methed-of-clai^ 

850: — The-method of claim 812, wtere^h^ H7 o i-l 

824^ — The-method-of-claj m 812, whefelf^he4uhf4Gafvt-GGmprises-§feaseT 
&22r. — The-meth€H4^efaiffl^ 
g23, — T4*e^eth0d-0f-€laiR^ 
£24, — The-raethe<4-€^a-^ 
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825, — 1 2 , v ^ereiff4^e4y-bffGa nt com pri ses dril l ing mud and ~setiri 
lub ricants. 

32& — Trie m e th od of cl a i m 8 12, wh e r ei n the l ubr icant compri s e s greas e c ombine d with a s o l i d 
iuririeaatr 

82- 7, — The method of claim 812, wherein th e lub r i c a nt i n cl udes at le ast 10 % Graph i t e. 

S2& — 1^eH^^0€t^etaff^84^wherein the-)ubrieaRt4R€ludes^yea€it 1 0 Q /o-M0tybdefH^m 
Disulf i d es 

829, — TrieH^athQd-of-claim 810, a 4dtti0naHy L -Ge m pri s in g 

member 

830, — T h e m e t h o d o f cl aim 829 T ^hefBia4t : ^ coafeg-eomfi^ 

— T he me tho d of da m 810, addition all y comprisin g 

appjying-a---e9ati ng on t h e t ub u lar m e m b ef^or^o-posi^-iom F>g4he-e-xpa ^iQR--deviee 
wftt^R-fee4ubula r m e mb er 

8-32-: — The-meteGGria^Glaim 831, w ri e rein the co a feg-cemprises PTFE. 

833; — The-mattod-Q^aim-^ c omp r is es PT FE base4r 

834: — The-^Retbed-^^ 

83- 5, — The method of cl ai m comprises DC53 m ate ri a l. 

33& — The m e thod of claim 810, wh ere i n the expa RSion-davice-eomfifise s DC2 m at e riaK 

837-: — T^e-methad-af-eiaim- 810, w riefeii^tee-expaasi^^ DC 3 material 

338, — The-method-ef^ai^^ com p rises-PC 5 material 
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839, — VRB-fptB\ho4~G^\a i m 810, w here i n t h e e x p ansion d evice-Gom-fitises DC7 mat e ria l. 

840. — T h e meth od of claim 8 1 0 , wher e in th e e xpa n si o n devi c e co m p r i s e s M 2 material. 
844^ — The-method-eTcta-^ 

842, — The-me th od of cl aim-84£ r ^ereifi4he exp a n sion d evfee-eempfises 10 V materia K- 
848: — The-ffHSt-h od o f claim 810, whefe^4^e-expaR&ioR-de-viGe^omprises 3V ma t erial 
844: — Tt^metfred-^f-^R^ 

84§, — Th€H^ethed-of-el a i m 810, w herein the e xpans i on dev ice has a pro c es s ed4ifttehr 

84&, — The met hod of claim 810, wher e in th e expansion device has a relativ e ly smooth su r face 
roug hF fesSr 

84-7, — The-metho d of cl ai m 8 10, wherei n t h e exp a nsio n d e v ice-has-a-reiati v el y sm oo th su rfa ce 
roug-b^ess and i-F^k^es^iativeiy-evenl y spaee^it-poekefer 

848, — T h e m et hod of claim 810, wh erein t he expansion device has a smo oth surf ace 
roughness~ i n the r a nge of 0.02 to 0.1 m i cro me t er s 

84ft — The-method o f clai m 810, addition al l y co mp rise 

i nj e ctin g lu b ricant through at leas t a po rtion of th e e xpansion device betweerf4be4u&^-ar 
membef^^d4t^-expansieR-^evi€er 

8§& — T-he-method-of-olaim 810, ad4itioRatiy-oomprisin§4 

mjeefo§4uter-i c a nt thro ug h aHeas- t a p ortion o f the^x^Rsion-devio€^betweef^e4ubbfer 
member an d th e-expa- fis i o n devioe-when-a-pfedetermined pr e ss ure i s metr 



851. — Tben^etbed-eTeteim^^ 

iejeetiR g lubricant t hr eu§h-at least two portioRs-o£4h e e xpansi ert-de v i c e betw een th e 
tub-ulaf-memfeef^fvd4he-e x p a n siofhdeviee-a^wo-differer^p re s s u resr 
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%§2r. — The method of claim 810, v^ efetff4he^xpamio n d e vic e, c omp rises 
a tapered port-iefh w ith an outer surfa^ef 
internal flo w p as sa g e in th e tapered portion; a nd 

3t~4eas-t-Gfte circumfe re nt i al groov e h a vin g a fir s^edge a n d a s eco n d e dg e having with a 
siiding^figle^FFthe-eute^ t o the 

int e rnal f lo w p assa§e-f o r re c eivin g l u bric a nt d ur i ng r a d i a l-expamien and plasti c 
de-fefmatlon-e^ t he tub ulaf^memb e r; 

w h er e i n the slid ing an g l e is less t h a n -Qf-eq-ua l to 30 d eg r e es. 



8§3, — T h e m e t ho d o f claim 810 , wtwei-n th e e xp a nsion d evic e , com p r i s es: 

aNe as t o ne c i r c u m f e ren-fe Foove-tov-ing-a first edge a n d a se cond e d g shaving-wit h-a 
sliding angte on the outer surface of the tapered portion41ui4fel^^ 

w&3reirv4he^idffl 10 degr e es. 



addition a ll y c om pfisif^ 

4ubi"fGa*n t b etv^e ei~f~the tubular m e mb or and the o xp 3F}~&f of 

le ast nine co m p o ne n ts selec t e d from th e gr o u p con s isting of : 
a-tease oil; metal~dea€tjvatefi--antiQxidants; salfu r ized natwal-Qitei-phQsphate 
est e r; p hospho ric acid; v i s co s i ty modi fier; p ou r-p oin t d epressaftfi 
def o a m er; and-eaFboxytte-aeid-seapSr 



— Tbe-FFvethed^e^ 

a4apere d p o rti o n havin g a tapefed-face-ted polyg o n al outer expansion surfac e . 

8§&, — The-mefeod o f c l aim 8 1 0 , whef eln-the-tubul a r m e m b e r h ae~a~nen- un if or m w alUfrtekness 
a n d t he e x paRsion-d-evice-compFtees; 

a-t apere d-peft^en-having a tape red fa ceted polygeeal-outeF-expami on sur faeer 

§-§7, — The meth od-e^elalm 810, wheFeifhiubrica n t is sto re d4n-a-fesefv-oiF-wi4h elect ro d e s th at 
afe^teettically^upled-a^ 
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c h ^ rn inn fhp rana r>i f nr* 

dlsetofgin g th e ca p acit or t h ro ugh th e-eteetrodes; and 

injecting the lubricant t hrough at te asi-a-portio n of th e e xp a nsion-4evice between the 
tu b ular m ember and the e xpansion device w he n t he cap a citors discharges. 

8S& — fte-ffletho^^la^ 

8§S, — T-he-met-hQd-Qf-Gl-ajm 81 0 7-whefe4R4l^e4Bb^fa-r me m be^eomprisos^pipetin-e, 

860, — Th^mefeod-of cl a im 810, whereffHtl^^ butaf^mmbe r comprises a struotwal-s&ppertr 

864-: — The met ho d of claim 810, w herein- th e expansi on d evfce-eemprtees-an e x pansion con e . 

862, — /V^ysteffl4oFradially expanding and plastic a lly deform i ng a tub u lar memberr-eo m p ri si n g: 
means for positioning an expansion-devioe having a first t ap ered end and a-second end 



wteeifl t h e c o ef fic i e nt of f ric ti o n betwee n th e expansi o n d e vice a nd -t h e t ubu lar memb er 
dwm§-ra4ia l expansion and plastic deformation is less-than 0 .08, 

§68, — T h e sys t em o f cl ai m 862, where i n t he co ef ficie n t o f frictio n is in the rang e of .02 to 0.05. 

864, — The s yst e m of cl a im 86 2 , a d d it io n ally compri s ing 
fRea**s4ewnJeetin§^^ 

— Tbe-^ystem-of^laff^ 

866, — The syste m of claim 864, w her ei n-the lubrican t compris e s H1 oil, 

867, — Tbe syst e m o f claim 864, w-hefein-t-he4bfbr4eant com p nses44g-oil, 
868: — Tbe-system-of-olalm 864, w^eln-tl^iubrioaftt-oompfi-ses H3 oik 
869, — Tbe-system of cl ainr h864 T -wbef^r^#^ubffcant com pris e s H4 oil. 
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-^ftte-system-el claim 884-r-whefein the lubri€aR-^Gomprises H5 ok 
The system of claim 86-1, wherein the lubricant comprises H6 oil. 


872^- 


The system of^a^m-g^tr-wherein the lubricant comprises H7 oil 


873^- 


— T-be-system of claim 864, wherein the-lubfteaft^eemprises greaser 



§74, — The system-ef cl aim 8 64rwhefein the lubricant compri ses watef-basedr 
875, — The-~-sys-te^^ 

§76, — T-he-syst-em of clajffl-^MrWtef ein th e lubr i cant c om p rise s dril l ing m u d. 

§7-7, — The sy stem of -G!aim-§64 r ^her e i n the lubricant co m prises drHtin g mud a Rd-seM 
lub ricant s. 

§7& — T he s y s t eff^o^Gtaiffh§€ 4, wh e r e in th e lubrica nt c om p rises gr e ase co m bined wiih-^a-setiri 
iy-bricaRtr 

§7-9-: — Th e system of claim 86 4 , w herei n the l u bricant inc l udes at l east 10 % Grap hi ter 

§§0, — The syste m of claim 8 64, wh erein the lubric a nt includ e s a t l e a st 10 % M olybd e wm 
Dis u l f ide. 

§ 81 . Th e system-€^elai-m-§ 62, a 44itrOftatry~e^ 

mea-frS-for a p pl y i n g a coa ting o n the ex pansion device pr i o r to p o sitio n in g w-i#nn-trie 
tu&utaf^T^embefr 

gg2r. — Trie-system o f c l a i m 828 , whe-Feiff4he-€^ 

8§§, — The-s-ystem-af-etaim 862, ad4itiof^ati^^mfif%ifi§ 

meaRS-fer-ap p lying a seating on the tukulaf-member prior to posi-ttewR^-the^pa-B^loR 
da-vtee-with in th e-turiul a r member-, 
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— T he syst e m of cla im 883, w heffifrf4-I^GQati-n g c o mpris es PTFE . 

— The s y ste m of claim 883, wher e in th e coating c omprises PTFE based. 

— The-system of cl a i m 8 8 3, w hefeH^e^oa^^Qmpfise s g r a p W-te b as e d. . 

— The-systeiTh of clai f^86grwhefelR-th-e expa^elea-de vice comprises DC53-mateRalr 
§88, — Tke-system^^laif^ 
889, — Th€Hsy&tem~0f-&iai^^ 

89Q-. — The~-sy st-em^f-cla-i m 862, wher eifvthe- expa n s i o n deviee-oemprise s DCS m aterial 
— The sys^em-of^la-fffl^&2— whefein th e expansion de v iee comprise s M2 mate^alr 

*jp\/jpp rnmnriQPQ ClPM A M ,, m at a rial . 

§94, — The s y ste m of claim 8 62, w he r ei n t h e exp ansion device compri s es 10 V m at er i al. 

8S£, — T he s yst e m of clai m 86 2, wh e r e in th e e x pansi on de v ice com p r ise s 3 V material 

— T he system of claim 862, w herein the ex pans io n d e vice comp r ises a n R E M fini s h . 

80-7, — Th e s ystem of cla i m 862, w herein the e x pansion de vi ce compri s es a p rocessed fi nis h. 

8-S& — Th e syst e m o ^ laim-ggar^M^-ein-t h e expan s ion devtee^empeses-a-retat^ 
swfaee-fowgh-nessr 

— The systerrv9f-^ffl^6-27^ devlee-eem prises a relatively smooth 

syffa-ee-foy§hnes s a nd in clud es rel ativ el y evenl y space oi-l-peeketsr 
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000 Tho q\/c m nf dpi i r 

mug-hnees4n th e r a n g e of 0.0 2 to 0.1 m icro met e rs 



904-, — T h e s y s t e m of claim 862, additionally comprising: 

mea n s fo r-injeeti n g lub ri can t t h r ou gh a t least a p ort i o n o f the expaneien-cte v i c e be tw een 
tte-tufeujap-me m b e r^ d4freexpan s i o n d evteer 



9Q2-. — The s y stern- of claim 862, addition ally comp rising 

means for injecting lubric a nt-t hrou gh at least a po rtio n o f the e x pansion device between 
the4u&ulaFmember-an€l the e x p a nsion-dev-iee-w-h e n a predetermined presswe4s 

mpf 

90-3, — Tbe-eyete m o f d aim ^^-additi onally co mp rising^ 

means for injec ting lubri c a nt through at le ast two p ortio ns of the expans i on deviee 
between the tubular-member and the-expansion device at t w o different 
pressuresr 



QQ4-. — The-system of cl a im 862, wherein the exp ans ion d evfee^eemp rises : 



sl iding angl e o n the ou ter su rf ac e of the ta pered portion fluidicly c oup led t o the 
inte r na l f low passage for receiving 
de f or m at i on of the tubula r m em b e r ; 
wberein4he sli di ng an§le-i-s4ess th aR-OFequaUe^Q-degfeeSr 



90& — ThesystenHaf-claf^ 

a4ape rod portion w i t h an out e r surfa ee^ 
internal flo w pass age in th e tapored portion; and 

at le as t one circumf erential gro ove h a vin g a4irs^ ed g e a nd-a-seeend edge ha ving-wrfo-a 
slidi ng a ngie-on4 h e outer-surface of the-tape red p ortio n f lui dicly coup l ed to the 
intemal-flev^passage for r e eeivfng-l-u b ric a n^wn g radia l-expans i o n an d plas-tte 
deformation of the-t-ubujar-membefi- 

wt^erei n th e sli ding-ang-te is l ess than or-eq-u al to 10 d e gre e s. 
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j-elaiffl 86 2, a^dltienatty-eempfislRf 

compris i ng at le a st nine components selected from the g roup consistin g of : 
a-fc^en^tt^ffletaW^^ 

este r ; p h o s pho r i c ac id; vi s c o sity m od ifi et^-pow-pofn t dep r es san t 

def0ameri-a4q^-Gar^oxy-lfG-a€4d-s0aps-r 



qqjl — The-sy&te m of cla im -8627-whor-eiR the expaRsiofH^evtee, comprises 

a tapered po rt i on havin g a tapered faceted polygonal outer expansion surfacor 

9Q8n — T he s ys t e m of clai m 86 2, wh e r ei n t h e-tub ular memb e r has a no n - unif o rm w aththtekness 
an4-4he-expans]oR-dev4Ge-G0mpffsesf 

a4apefed-portio n having a t a pe r ed f aceted-po ly g ona l oytei^expaRS i o n s urf ace^ 

QQ9~. — The- system of claim 862, w herein lubricant is stored in a reservoir with electrodes that 
are-eteetfic a ll y co u p l ed-a^apaei-toiHR-tho-expansion device^fHsMs-iR- je cted throu gh at le ast a 

the c a pacitors dis c ha r gesr 

94-Q-r — The- system o f claim^6^A43efefR4he4^ 

•&44^ — T he s y s t e m of claim 862, wh e r o in the tu b u lar m e mber compris es a pipeline. 

£42, — Th e system of c l atfn 8 6 2 , wh e r e in the tu b ula r m e mb e r co m prises a str uc tur al s u p po rt. 

843, — The s y s t em o f daim-862, wher ei n th e exp ansion d e vi ce comp ris es an expansio n c o ne. 



■944t23. A lubricant for injecting in an interface between a tubular member and an 
expansion device, comprising-at-least eight-eompoRe-Rts-seieote d f r o m the grou p co ns isttR§-~ok 
a-baso-oil; meta h d eac tivat o r ; antioxidaffef^ulf-ufked natura l o i ls ; phospha to-estefi 
phGsphGF4G-aGid T ^-isG0Sf^ 

ea rboxy l ic a dd soaps. 94%-. — Th e l ubri c ant o f c I alrr^Mr-whef ei^ n t by 

woiah^GQmphsos T by weight percentage : 
64.25 9Qr8Q%-b a so oil; 0.02 0.05 % m e t al de a c t ivator; 0.5 - 3.0%^tfrtiox8€lafrtSr^ 
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d efoam e r; a n d 0 - 5 % carboxylic acid so apsr 



— A- iubrican t f or in j ec t ing i n an int er face be tw ee n a t ubul a r m e mb e r an d an expansion 
d e vice, com p r i s ing^ 

7?r§4%-eaneta- e^ 0.04 % -telyltezGte; 1.0 % pheno l ic af&oxidafrtH^ 

o il or sulferteed lar d oi l; 9 % phos ph at e e ste r; 1 % phosp horic aci d ; 0,8 % styrene 
hyd r ocarben-pelymer; 0.3 % -aikyl ester copol ym er; an d 0.05 % -silicon-^ased 
antifo am a gentr 

947, — A-tubricant for injecting in an interface-between a tubular member and an expansion 
device, comprising^ 

M^%Jom89%^canola oil; 

0.02% to 0.05 % tolvltriazole: 

64r£5-% canola oil; 0. 0 5% tolyltria^tei-4T0%-^™fii c a ntio xid ant; 2.0 % phenolic 

1 .5 % p hosphorie^aoi d; 1 .5 % s tyren e hydro c arb o n polymer; 0 . 5% a l k y l e ste f 
co p o ly me r; 0.2% -sjtieo n bas e d antifo am^affen t , aR-d-5%^ G arb o z y -tic aci d soap-rOJ) 
% to 1.0% aminic antioxidant: 
0,5% to 2.0 % phenolic antioxidant: 



0-1-8, — A l ub r i ca nt for inj eo t i n g in an in terface bet w ee n a tubular m e m ber and a n exp an s i on 
device-r-GomprfsiRgf 

4% to 12% sulfurized natural oil or sulferized lard oil: 

4% to 12 % phosphate ester: 

QA% to 1.5%^Jiosphoric acid; 

OJ08% to 1.5 %_s_tyrene hydrocarbon polymer; 

0/l%iP 0.5 % alkyl ester copolymer; 

9Qr80%-eanol3 o i l; 0.0 2% t ol y ltriazolei-OT5%-^heno l ic a ntioxida nt ; 4 % su lf u ri zed-nata-ral 
ei-l-of^utfenzed-iard o i l; 4% phosphate^steff-Qr4% phosphoric a ci d ; 0. 08 % 
styrene^^ydfeeai^^ to 0.2 % 

silicon based antifoam agent s and 

94-9, — A4ute ri ca nt fo r injeeting4n^n4n terfa ce b e twe e n a t u bulanmember and an e x p ans ion 
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§§r?4%-Gafle]a-^^ 

anti o x idant; 12 % su tfurize d-n atura l o i ! or sul f e riz e d lard oil; 1 0%-ftho sph a te es t ef^ 
4t4% phospho r ic acid; 1.5 % styrene hy dro c GHFbon-pel y mer; 0.1% a lkyl ester 
copolymer; 0.05% silic o n ba sed antifoam a g ent , and 5% car boz y lic a cid so ap . 



92ft — A4ykFteant4ef4n^ 
de vic e, comp rising 

82.07 % -eanoia-o il ; 0.03 % tol y ltriazol e; 0.5% a minio^ntioxidan t , 0.5 % ^henotio 

antioxidan t ; 10% s u lfurized natural oil or sul f e r i z e d l ard oil; 5 % p hosphate ester; 
Gr5%i3h05f^€*^ 

copolymer; 0 .1 % s i lico n b ase d an t ifo am ag e n t, and 1% car bo zy l i c a cid so ap. 

Q2A-. — A-lubr i cant fo r Meeti ng in an in te rf a ce between-a4u-bula r memb e r and an e xpansion 

80.68 % canola oil; 0tQ4% tolyltriaz o le; 1% phenolic antio x i dan t; 8 % s ulf urized n at ural oil 

hydroca rb o n p olyme r; 0.1 % -atkyl es t e r c o p ol yme r; and 0 .0 8% s i lic o n ba sed 
sent 




ruol ac mpmhpr pnrl 



ric a nt fc 

8 0.31% c a n o la oi l; 0.04% toly ltriazole; 1. 1% phe nolic an t i o x ida nt; 9% s b tfuriz e d n atoat 

hyd r ocar b on poly m er; 0.3 % al k y l es t ef-eopolymef^af Kl 0.05% Hsiti con base d 
a nt i foam ag e nt. 



923-; — A lubrican t for i nj ec ting in an interfac e b e tw e e n a tub ular me m ber an d an exp a nsion 
d e vice, c o mpris i n g at least 10% Graphite. 



924, — A lubri c ant fo r injeeting-i n an in te rf ace~feetween-a t ubul ai^member and an-ex-pamion 
de-v-i€e T -Gom-pf-isj-ng-at-teast 1 0% Moiybedenum-Di-SBl-fide i n a t hic k ener in with ~a~~dr oppin g p oint 
above 3 5 0 -4 00 F . 

1% to 5% carbozylic acid soap. 
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92-5,-24. An expansion device for radially expanding and plastically deforming the tubular 
member, comprising: 

one or more expansion surfaces on the expansion device for engaging the interior 
surface of the tubular member during the radial expansion and plastic 
deformation of the tubular member; and 
a lubrication device operably coupled to the expansion surface for injecting lubricant into 
an interface between the expansion surface and the tubular member during the 
radial expansion and plastic deformation of the tubular member when a 
predetermined pressure for lubrication is reached. 



92&: — T he exp a nsi o n de v ice o f cl aim 9 25, wh e re i n th e lubrication d e vic e compr ise s a pu m ^r 



92Z~. — T^-exfiafiS4on-de v i c e of claim 92 5, whefein4he lu b ric at ion devtee com ^ri-se^ 
a-means4G^-p r e ssu r izin g th e lu bri c ant; and 

a- m ean s f or inj ect i ng the lubncai^n4he- fes er voi r int o the interface when the 
prede te r min e-pressu r e is-feaehedr 



•^ir nnprahlv mi ml p> H to thp pynr^n^inn ^tirf^pp for hr 

jt\ Kjyj<z?\ d \Jvy XsXJizAyJ I ™ \J LU Lite? CAparrotuir out icruc i v^m itx: 

a-fneans4Qr^i^&swg^^ and 

a v alve fl u idicl y co upl e d to th e re s er v oir and the expansion surface f o r i nj ect in g th e 
iufeRoan-t into t he-mterface when4he~pfedet ermi ne pfe&&ufe4sH :: ea€hedT 



92-9. — The-e^an^on^eviee^ 

a re s e r voi r op e r a b ly co u p le d to the e xpansion surfac e f or h o us e a l ub rica n t; 
aH^eaBs4o^r-e&surizin§4^e4ubri€an^ 

a-pfess ur e enhanc e r o pe rably c oupled to the reservoir to increase the pressure on the 

a-valve fluidiely^eoufite d to th e res e rvo i r a n d the~exp ans l on surface fo r i nj e cting t h e 
luteftean t i n to th e i nt erf a Ge^A^efHthe-pffidetefmine p r essure is re ached 



9^0, — The-expansio^de-vi^^ 

a~f esefv-oif-op e ra b ly coup ted to the-expafisieFhSttfe 
aH^ans4or^fes-sufiziF^he4ybfi€anti 
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ex. njcttnn nnprghlv/ mi mlpH to fhp rpepn/nir* ,QnH 

a^T'OtWrrt/pvttat7Tj cr^txp/tc>vj tvj» u rc t coci v v/rr^ crrtt^r 

lubricant i nto t he in t erface w hen the predetermine-pfessure is re a ched 

934, — Tbe-exp ansi on de v i c e of cl aim 92 5, wh e rei n th e c o effic i ent o f f ri c tion be t wee n the 
l e ss th a n 0.0 8 . 

932, — The expansion d e v i c e of c laim 925, w h erein the co effici e nt of fricti o n betwe e n t h e 
expaft540f}HEiev4Ge-a-R^ 

the range o f . 02 to 0.05. 

933, — The-expansfon-device of claim 926 7 whefeia4he lubricanieomp r i s es o i l b a s e dr 
934-, — The e xpansion device of claim 9 26, w herein the lubricant comprises H1 oil. 

935, — Thee xp an s io n d e v i c e o f claim^grA^hefeif i th e lub ric ant c o m pri s es H2 oil . 

936, — Theexpansion de v ice of cl aim -926 T J ^/ here in t he l u b r icant co mp rises H3 o i l. 

937, — The expansion deviee^ela im-^^ n t cefflftfises H4 oil. 
933, — The-expai^oR-€teviee o f cl a i m 9 2 6 , w herein t h e4u bfiGaa^Gom-pF^e s H5 oil. 
933, — Tbe-expafts-tef^^ev^ lubric a n t co m prises446-eilr 
940, — The-expan-siofr-de-vfce of c lai m^e^whe rises H7 oil 
944, — Tfte-expaf^ett^evtee^ 

942-. — Theexpai^ien~4e\4ee~e^^ 

943, — The expafv&iott-device ef~etaim~926, w hemfB4he4^b ricant com prise s ek4tifi§-mudr 

944, — The-e^4par^iofv4eA/-i€e^f~Glaiffl 926, wherein the luj^€aR^6€ffiprises^ 
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945- 7 — Tke-expaftsterndev^ 
s o l id l ub r-icants. 

Q4&, — T h e ex p amioft-device o f cl ai m 92 6, wher ein the l u b ric an t co m p ris es g r ease c ombin ed 
with a s oK 44ukf4eafrt7 

947, — Tfre-exp^af^efH=^ 
Graphi te . 

946 — The e x pan si o n de vi c e of claim 925, w heFem 4h e l u b r i c a nt c o mpris es a t least 10 % 

949-: — The-expaRsion-d-e v i ce of cla fm^25r-ad4itiofially comp r ising 

a coating on the expansion device prior to-positioning w ithin the tu b ular member 

95& — Th e e xpa f^o n d e v ice of c l ai m 9 25,-wherei n th e co ating compris e s P h y gen4iimr 

Q&L — Tbe-expa ns io n d ev ice of clai m 9 25, a dd iti on ally compr i sing 

a^Qatif^-0FHthe4ute^-lar membeF-pfi0f4e-positioning th e-expa nsion deviee-wk^fl-the 
tateuia^mefnbefr 

95^ — Ti^exp ans ion d a-viee-Q^lai-m-&5&r-wher-ei n th o coating c o mprises PTF Er 

0§g_^p^e-expansioff^evie^ 9 5 0 , w frefeifi4be c o ating compfises PTFE ba s ed. 

954, — The-expaf^iei^evice^ based. . 

95& — Tbe-e^qaaftsiofhs^^ 
material 

-95§: — The-ex pansio n de-vi ce of claifB-^25 7 -wherein the -expansion-deviee comp r is es-&G2 
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9-5-7-: — The expans i on de v i c e o f claify^Q25 T -w^efeiR4he^xpafision d e v ice-G ompris e s DC3 
mat e rial. 

9S&, — T h e e x pa nsion device of claim 025, whoroin th e exp a nsion d evi c e comp ri s e s DCS 
material 

9€0, — T he e xpansi ofhctevi c e of claim -9g§^vher e i n th e-ex p a nsio n d e vic e compr i s e s DC7 
m aterial. 

96ft — Tbe-expaRsieft-dew^^ 
material 

964, — The-e xpa n si on-de vice o f c[ai m4&5r^efeifH th e e xp a nsi on d e vic e com p rises C PM M 4 
mater4alr 



Qf\Q Xhp> pyn^nQinn Hox/ino n f p l.cn m QPf^ \A /hprpin thp Pv nanQin n Hp\/ipp pnmni 

k7\J~Z-T. t^rrv? CApulralurl UCV loc nl vjrc? Hi I ZrzZzxJ , vvrrC- 1 dri crrO ™A.po I loi Ut I UCV I out lips 




material 

964, — T h e exp an s i on device of claim 9 25, w h er e in the expansion device comprises an REM 
fetehr 

96-5-; — The-expan-sief^te^ 
fifocessed f inis h . 

966- ; — The expansion devi ce of claim 925, wh e rein the e xpansion device compris e s a re l ative ly 
smooth s u rf aee-Foug hne&Sv 

967- , — The-expansieR-device~of c l ai m 9 25, wrie?wf4he-~^ a r elatively 
smooth-surf a c e r ou ghness and includes rela tively-e venly spa c e oil pa ekets,- 

96& — The^xpamlon-device of clai m 9 2 5 , w herein the-exp ans io n d e v ice compris e s a sm ooth 
surface ro u g hness-i n-the-f a nge--of 0.02 to 0.1-mieFometefs 
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means for injecting lubricant thro u gh at least two portion s of the e x pai^oa-dev-ioe 
betweeFHtfre4ubbrtarw^^ 
pressures* 

970, — The e x p ans i on de vic e of c la i m 92 5, wh erein t he-expaa s i o n de vic e , com prises: 
a4apefe4^ertiei^wfth^ 
i nternal flo w pass a ge ia4-ke4apered portion; and 

at-least oae circumferentia l gro o ve having a-fifs-tedge and a seoofl^^ge-tevnag-wth-a 
s l i di n g a ngle o n th e out e r surfa ce of the ta per e d p o rtien^kMiety-eoupled t o t h e 
irtemaWtewis^sa^ 
d e f o rm a tion o f th e t ubu l ar m ember 

w^ereifHthe^iding-a-n ^l e is le ss than or e qua f-t o 30 degr ees a nd the-expansion-surfaces 

are located on the tapered portion. 

974^ — T&e-expaaateff4ev4€e~e£^^ 

a--tapefed- portion with an -o ut e r surface; 



of lp>r^p; t n np firpnmfp rp^nt ir^l nrr\c\\/& ha\/infi.. a flrcf prlnp pinH n <^ppnnd aHhp hnwinrt with a 

s li di n g a n gle o n the o ut e r s urfac e of the tapered portion fluidicly coupl e d to th e 
interna l flow passag e fo r receiving l ubri can t d u r ing rad i al expans i on a nd p las tic 

wherein the sliding an gle is less th an or equ a l to 10 deg re es a n d the e x pansion su rfaces 
are-teeafed-e n the ta pered portion. 

972: — fte-expaffsiei^evtee-e^ 
components s elected f r o m the group cons istin g o f: 
a^sensMlH^etalH^^ 

este r; p h osph o ri c aeid; vis c osity modif ie r ; p o u r- p oi n t dep r essant 

defoamer; a nd Gafboxy-ti^aeid-soap-Sr 



973. — The-expaBS4Q^-4evice o^elai-m 925, wherela-the-expaRsion de v ie e, com prises^ 
a4ape r ed porti o n-ha vin g a4apefed4aoeted^oly§oaa]-oyter-expaf^ofi^ffeoeT 
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a rraturrtrc V l v>™ 

avn^npinn Hpv/fp pa n or 

a tape r ed por t io n ha v ing a tapered faceted polygonal outer expansion surface. 




97€h — Theexpa-Rsio n d e vi ce-e f claim 925, wherein l u bftea nt is s tefe d in a r e s e rv o i r wit h 
electFedes4tetafe~eteelBe^ 

thfeug h at l e a s t a p ortio n o f the e xpa n s i o n devi c e be tw ee n th e tubular me mber a nd-the 
expansion dev iee-wben th e Gapaefers-d i s ch arg es 

97 6. The-expa-ftsion device of daim 9 2 5, wherein th e tubular member~eempf4ses-a-we[teor-e 
cas in g. 

977, — The exp afisi on d e vic e o f cla i m 9 25, wh e r ein t h e tub ula ^emher co mp rises^a-plpefeer 
97& — :phe-exp a nsio n devic e of cla im 925, wherein the tubular member c o mp r ises a structural 

qi innort 



-expanse 
e x pan s io^-eoner 



— A method for radially expanding and p l a stical l y deforming the tub u l a r m e mber, 
com p risin g: 



plas&eally-€te form t h e4ubulaf-membe r ; an d 
operating a lu b ricatio n d evi ce to inject l ubricant into an i nt e rfa ce-between the e x pansion 
surfa^e-a^d4he-fabHlaf-me m b e r when a -pfedetefmifi ed lubri ca nt pre ssure-4s 
feaehedr 



Q8A-. — The-methed o f cl a im 9 80 , w herei n th e a l ubrica tof^evtee^mp 

9%2, — The-methed of cl aim^Qr-wher eifvt-h e lubr icati o n de v ice cemprtees-f 

a reser v oi r o p era bly co u p led to the expansion-suffaee-fepheus e a lu hr-i^aretj- 
a means fo r pr e ss u r i zin g t h e l ubricant; and 
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a — RR©&f*f&~f©r i n j e ctfng — the lub^fGarvt^in - tbo reservoir into^'the H~vt 0 rfaee~*v\^be"n t h c 
pfedetermme p r essure-is-reached^ 

9&&. — Tho methe d of claim 9 80, w h e roin the l u br icati o n d ev ic e co mprises: 

a re s ervoir oper a bly co upl ed to t h e-expaf*GfOfH&urfaGe4o r h o us e a lub rican t ; 
a-mea ns fof^r-essufi^g4he^ 

a-valve4fai4tel^oup^ re s er v oir a nd t h e expa n s i o n surface4of4ftje ct i ng th e 

l ubricant into the int e rface wh e n t h e p re det e rmin e pressure is r e ached. 

984, — The^etbed-G^ai m 98 0 , w hefein the lubricatioff4evtee--eomprises: 

a^eser v ojf-operab^eeu^ ed to th e ex p ansi o n s urf a ce fo r ho u s^a-kjfe ri c ant ; 
a mean s fe f^f^ss^nzin§4he4ubffGan^ 

a^fiFessu-Fe-en ha-nee^Qper-ab 1 y c oupl e d t o the res e rv o i r t o increase-th-e- pr es sur e on the 

lubfteaf^in th e r-eservok-j-a-nd 
a-valve fluidiGt^Qoupled-to4he-reservoir and the~e x panste n surfa c e for4njeetfng the 

h iK ri r^ nt i n t o thp i nfprfar^p u /h pn fhp nrpH pfprminp nrpctci ir p tQ rpaph^H 

luUl loarrt tt ltu t r ic» ll rtC! ! uoc WrrC I l if jJi c-v_f™ L~l rrrii I™ p?! cjoocji ro i uu^i iovj. 

— The m et hod of-eiaim 980, w hefein the lubrication -device comp rises 

a reser v oir o perakly coupled4e4foe ex p a n s io n surfa ce f o r ho us e a lub ri c a nt; 

a m ganQ Inr n rpQQ iir iy jnn th p h i h r ippi nt' 

Xx ri tOCTrTD rwi pri COOUI jy CI i w IUUI ll*u I IL, 

a-pfeten aperably^eeupjed to4be-reser v oir; a nd 

a valv e fl u id i cly c oupl e d to th e res e rvoir a nd the expansion su rfa ce for i nje ct in g the 
iubRcafi URt^-the-ip-t-effa-Ge^vh e n th e predetermine press^Fe-is-reackedr 

— The-method o f claim SSO^-whereif^he c o e fficient of friction bet-ween-the-^x-paRsioR 
de vic e and t he tubu l ar member during r adial exp a nsion and p lasti c de fo r m a ti o n is le s s t han 

9&7-. — TfreHTie^d-ef-et^^ 
deviGe-^R44he4ufeutef4^ 
e f .02 to 0. 05 . 

9S8, — The method of c l ai-m^gTr^ereiR-the lubric ant co mp rise s oi l based. 
989. — tte-ffletted^^ai 
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900, — Tbe-method of claim 987, w&erem the l ubrican t comprise s H2 o il. 
994, — Th e met hod of claim 987, wher e in th e l u b r i c ant compri s e s H3 o i l. 
992, — TbeH^ettred-ef-Gi^^ 

900, — T he metho d o f claim-9§7^whefeln4^e l u b ricant comprises H5 o i l. 
994, — Th^fflethed-o^eta im 987, w herein the lubricant comprises H0~q4 
99&: — The m e thod of claim 987, w ^efeffvthe4ub4cant corner-te es H 7 oil. 
900, — The^neihod-ef-Gla^ comp rises g r eas e. 

i f , j.^- j 1 1 t r iuvj yi otcrtrri tytzj t , vvi ici 1 1 t crres iuui i L/u t \i uut t ij^i la" 

^ ft~7 \ A/hr^rr^i n tHo InKrir^nf ...^onnnric'.or'. Hriilir 
y\j i , vrric i otTi u to rci ic/t iv^cw 1 1 wi 1 1 p i ui uiti 

009, — The m ethod of c l aim^§7Vwhereln4i^e lubric a nt co m p r4se-s-d-riUi-ng m u d. 

1 000. The m et hod of claim 987, where i n th e lubricant comp ri s es dri l ling m ud and s o l id 
l u br i cafitsr 

1001 . T-he-metriod of cl alm-98-Tr^vhef-ein th e l u b ric an t com p ri se s grease comb i ned w ith a s o M 
l ub ric ant . 

1002 . Th e m etho d o f c laim 98 7, w herein the l ub ricant co mpr ises at lea s t 10 % Gr a p h i t e. 

4O 0 3. T h e-meth€>dH3f^teim^ lubric a nt compris e s at le ast 10 % Molybd e num 

OtewtfMer 

-1 004 : Trie-method of claim^gOT^4di-fef^Hy^mpf4-sfRg 

co ating o n4rie e x p an s i on device prior to positiofmf^ifetfvt^e tubul a r member 
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1005 Th p> mp th nH o f Haim QftO u/horoin tho cn^tinn r*r\rnnric v Qc Ph\/nAn film 

4066. Th e m e thod o f c la i m 980 , a d4i-tienally comprising 

coating the tubular member prior to posit i oning the e xpans i on d e v ice within the tubu l ar 

- 1007. The metho d of c l ai m 1 0 06 , wh e r e i n t h e coati ng co m p ris e s PTFE . 

400 8. The m e t ho d o f cl ai m 100 6-r-wfrerein the coating comp r i s es PTFE based. 

-1-009. The meth od of cl aim 1006 , where in the co ati n g co mprises G rap h ite based^ 

4O4 0. Th e m e th od-o f claim 9 80rW herein the~expaf*s ion device co m p r ises D C 53-mateFia<T 

4-04- 1 . The method of claim O &Or-whefein the expansion device co mp r ises DC2 mate<4aW 

1013. T h e m et h od of cl aim^gO^ h e r ein t he e x p ansion de vi ce comprises DC S ma tenajr 

1015. The method o f-elalm-9^07^hefein the-expaRsien-devtee comp r ises M 2 mateffalr 

1016. T he me t hod o f c laim hOgQr-whe r ein the expanstefHfevice comprises-^PIVM\44-mate^ 
4 0 1 7 . The-ffletfred-^^aim^ 

1018. Th e method of claim 980, wherein the e xpan sion de v i c e com p ris es 3 V m a ter ial. 

4048. The metho d of clato-OSO?^ 

- 1020. T he-ffle-thod o f c 1 atfrh98QrW<^efn4^ comprise s a proce s s ed fi nish 



98 



25791.305.05 
suffaoe-reug h n e s s . 



1 022. T be-metbed-Q f claim 980, w hefein-^be-expansior^deviG^^ 
s urfa ce ro ug hnes s an d i r^des-4 : elafr/elY-eyen^ oil pock e ts . 

1023. Th e m et h o d o f c l a i m 98 0, wh ere in the e x pa ns ion debtee co m p rises a s m o oth surfa ce 
f-Qyg-kRe-ss-fR4he-faf>ge of 0.02 t o 0.1 mi-Gfemetefs 



-1 024 . Th e m ethod o f claim 9&0 7 additionally Gempfisin§4 

i nj ect in g l ub r i c a nt t hr o u gh at l ea s t t w o p ortions of th e expansion devic e-bet w e en th e 
tu b ul ar m e mber and th e expan s i on d e v i c e at two d i f fere nt p r e ssur e s . 



-1025. Tbe-method of cl a i m 9 &0r~wberein the e x pan si on device, co mpr i s es 
a tapered portion with a n o uter surfaeei 
internal flo w pass a §e4n4be4apefed~pofttefH- 

of Ip ^ct nn.p ^jrrM irnforontir^l n rnn\/p hrunnn .q firot or 

sliding angle ot^tfoe^uteF-surfaGe-of^ coupled t o tbe 

i nt e rnal flo w p assage for recei vi ng l u brica nt dur i ng radial-expansion an d p lasti c 
defemai4o{^f4^ 

a r e loc at e d on th e tapered portion. 



a4ap er ed portion w ith an ou t er s uffaee^ 
i nt er n al f lo w p as sa ge in th e ta pe red po rtion^ 

at least one c i rcumferential groov e having a first edge and a s e cond e dg e having w i th a 
sl i d i ng an gle on t he o ut er s u rface of th e ta pered p ortio n flu idi cly co uple d to t he 
internal flo w passage f or recei v i ng lubricant during radial e xp an s ion a nd p l astic 
d e f o rmati on o f th e tubu l ar m e mbe r; 

w herei n th e sl i ding a ngle is less tban-or e qu a!4e-1 0 degr ees and the e xpansion s urf a ces 



-1027. T he-me th od of-Gteim-^OrWbem com ponents 

lo. n rrM in.con Q i Qt inn nf* 
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■tOF^ aRtiOXldaRtS"} SUlfURzired Rattfr a 1 Of I S J 

est e r ; ph osphoRG-aofd^^osi^^ p o ur -p oint d e pressant; 

defoamer; a nd c arb e^yti€-aGi4-soapsr 

- 1028. Th e m athod-o^Gtalffh& SO, wh erefR4b e expa fiaioR-devfoe, co m p ri ses: 
a4apemd-portteR4^vto^ 

^gOr-^t^e-mefeod of c l aifyM^Or-wj^^ ha s a -ror- wtferffhwa 1 1 thickRess 

and th e e xpa ns io n d e v ice compri ses: 

a tapered-po rti o n hav i n§^tap€ffid4aeeted^ly§OBal-outer expaRSfon suffaoer 

-1^3Q^^he^ethed~o£olaiFR 

are-etec tri c a ll y co upled a cap aci t or in the ~exp a n si o n devteef-ad di tio na ll y cor n pris4R§4 
di-soha rgin g the c apa c it or through the electrodes; and 

iRjeotfB§4he-tubfi€ant throu§^^tea&t-a-por4ie n of the exp ansiofv-devise-betweeR-the 
^embe^Rd4he^XRaR£iGR-devi€e-wber 



1031. Th e m e t ho d of c l a im 9 80 , wh e r e in th e tu bu l ar memb er c o m p ris e s a wellbor e cas i n g. 



4-03 3. Th e m et h o d of cl a im 98 0 , w &e r ein the tub ul a r meR^be r c o m pfises-a-structu r ai-s u pport. 



4034. Th e m e thod o f cl ai m 9 80r-wherein tbe-oxpaRs i on d e v ice comprises-aR-axpan s io n coner 



403§^U«bRGaR4del4v^^ 
fRefffber, comprising: 

an-expaRsiQR-dev-j-ee h av i n g-a4apered~p ortion wrth an outeF-s-b^Ger-aUeas^oaa 

fesarv o i r for housing a l u b ricant, aMeas t one ci rcumf e r e ntial gro o v e o n th e o u t er 
swfeea^fa-fd i cl y coRReoted to th a^esefvol r; and 
a4yfeHiGaR4iRjaGtfGR-^ 

groove-while radialiy-e x p and iRg-aRd-plas-tioally deforming4he4-Bb-utaFm e mber 
wb e n a pffidatefmiRed4ubr-iGaRt-pFessufa--fSH : eaGhedr 
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leAufem&n^elwepf-amembly of claim^j^Vwher 
i^M/al-ve-and th e l ubric ant is ^4rMn g f I u i dn : eGe4¥e44F}4ke4^ 

403^7 . - -The 

to drilling ffaid-used to expand the tubul a r member, 
the lubricant injection mechan is m, co mprising 

a p r es su re a ccetefatef^eceive^A^^ t h e dril l i n g 

feid-^d-the-med-iaT 

403^-25. An expansion device for radially expanding and plastically deforming a tubular 
member, comprising: 

a tapered portion with an outer surface; 

internal flow passage in the tapered portion; and 

at least one circumferential groove having a first edge and a second edge with a 

predetermined sliding angle on the outer surface of the tapered portion fluidicly 
coupled to the internal flow passage for receiving lubricant during radial 
expansion and plastic deformation of the tubular member, 
wherein the sliding angle is less than or equal to 30 degrees. 

4^^9^A fr - e xpans iQfi--dev[Ge2 6 . A method for radially expanding and plastically deforming 
a the tubular member, comprising: 

a leading portion with an ou ter surf a ce ; 

at l e as t o n e circumf e rential groov e Q R4he-Qyte^seffa c e of t h e t a p ered p o rti o n fl u i d i cl y 
c o upled to th e intema^e w p a s s a ge-foFFeGeiv-i-R§4y fer-f oa n t d u ring radiai 
expa nsion and p l as tic de f o rm a t ion o f the t u bu l ar memb e r ; 

a4apefed--pGft4QfMA/-i-th-an outer surfaeei 

i nt e rnal flow p a ssag e i n the ta p e r e d portion; a nd 

a-t4ea-&^n^Gtf e-umf ef en-tial-gf Qove-Q r4 h e outef^uffaee^^4he4apefed-pe rt i on fluidi ty 
ooupt ed t o t h e i nt ernal flow-pass a ge f or recei vi ng lub ri c ant durin g r adi al 
expa nsion and plastic d e formation of th e tubu l ar m e mb e r. 

1 040. A fhexpansiefhdevice feHFadjally-expaf^ a4ubulaf-member, 
composing-; 

a leading p o rti on with an out e r surf a c e; 
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circumfer e ntial groov e 
coupled to the intern a l flo w p assage for r e c eivi ng lub ricant during radial 
exp ans i on and plastic d e formation of the tubular memb e r; 
a ta p e r e d p o rt io n with a n out e r surfa ce^ 
mteff^flew-passa^ 

at- least o n e ci rcumfe r ential gr oo ve on the outer surface-o£4h€h4apefe d p o rt io n flu i d i cl y 
Goupled-te th e i n ter n al fl ow passage for reeeiwig4uter4€af^ 
e x p a n si on and plast i c d e for mation of th e tubula r memb e r, 

whefefft-the4ufe ric a nt in th6Meading~^ the lubrican U n 

the ta p e re d p o rt io n . 



-1^44^-Aff^xpansfo n d e vice fo r radiatiy~expae4in g and -plastteaH y d e formi n g a tubul a r member- 

r^ornnriQinn * 

a4eadlR§-portion w ith an outer s u rfaeei 
in t ernal flo w pas s age i n t he-Jeadiftg-porttefH 

expaf^fon a n d plastic defor ma tion of the4ub^la^membefi 
Internal-flow passage-^the4apered-pertfe n ; a nd 

at le a s t o ne circum f e rential gro o v e ha vi ng a firs t e dg e and a s e c o nd edge with a seco n d 

co u p led to th e internal f lo w pass ag e for r ecei vin g Iub r ieaff^4u4r ig rad i a l 
expanstef^-and-pl a stic deformatfOFhof the tu bular m embern^ her e in th e s econd 
sliding a n g l e is le ss th a n o r equa l t o 3 0 d egrees. 



-1-942. An expansion d e v ice for radiall y e x pan d ing an d p lastically defor ming a tubu lar member, 
comprising: 

a l e ad ing pertief wit h -an- o^ter s urfa eei 

internal flow p assag e in the leadi ng po rtion 

aMeas^e ne circumf e rential groove-on-the out e r surf a c e o f th e4ape red port i on fl ukdcly 
Goupled-4o4he intemal-flow-passag^for receiv4B§4ubriGafft-dufifig-ra4[al 
expansion and pla stic d efeffflatten-of 4h e tub^^ar-membefi 

a4apered"PGftt0f^wfth^rv^bfeF-&wFfaeei 
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aUeasUme ci rcumf epeBfel-gfoove having a first ed ge and a s e c o nd e dg e-wifrna-secend 
predetemmed-^MIng-angle on the outer surface of the4apefed-poftion fluid i cl y 
coup le d to the i nternal flow passag e for rece i vin g lu b r ic ant during r a dial 
ex p an si o n and p la s tic deform at i o n o f the tubul af-rnembe^- ^ e r ein the s eco nd 
siiding-angie^ 

1 043. A 4^f^paR^fQff-devtee4orH^d4ally e xp an di ng and-plastic al l y d ef-QFmiB§--a4Bbyia i^membefy 
comprising: 

a leading portion w i th an out e r surfac e ; 

iRtema-l4tew-paesage i n th e lead in g p or t ion; 

at least one circumfe r e nt i a l groov e on the out e r surfac e o f the tapered port i on fluidicly 
GQy-pted-te4he-iR-tefnal-ftew passa ge for recei v i n g lub r ic ant d u r ing-^adia-l 
ex^affsion-and-p tasti^def or m a t i o n-e£4be t u bul ar me m b er fro m the-intem-al-flow 
passagei 

i ntern al flow pas sage in th e ta pe red portion ; a nd 

at le a st one ci rcum f er ent i al g reeve4^a v ing a f i rst edge and a second edge w i th a-eeco n d 
predete rmine d sliding angle o n th e outer surf a c e o f th e ta p ered p o rti o n fl u id i cly 
coupled to t he4nte m al f low-passage for reeei¥if}g4ubtieafrt^ 
expansion and plastic deformation of the tubular member, wherein the second 
s lid i n g angle is l e ss than or equal t o 30 degrees, 

wherein the4u^FfGafiUR-t-he4eadfflg-pQfti9n-^i s at pressure dif f eren t fr-em4he4u&^ 



positioning an expansion device having one or more expansion surfaces i n the interior 

surf ace of the tubular member; 
displaci ng the ex pansion device relative tojhe tubular member to radially expand an d 

plastically de fo rm the tubular member; and 
o p er ating a lubrication device to inject lubricant into an interface between the expansio n 

surface and the tubular member when a predetermined lubricant pressure -48 

feaehed, is reached 

4Q44r27. A method of reducing the coefficient of friction between the expansion device and the 
tubular member during radial expansion to less than 0.08, comprising: 
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altering at least one of the elements selected from the group consisting of: expansion 
device geometry, expansion device composition, expansion device surface 
roughness, expansion device texture, expansion device coating, lubricant 
composition, lubricant environmental issues, lubricant frictional modifiers, tubular 
member roughness, and tubular member coating. 

1045. /Vmet-h o^0f-fed y cf n g th e co e ffi cient of f rict i on b etwe e n the e x p ansion d evice a nd the 
fa-buiarnrtembe ^ i o n t o les s th afr-ef-equal to 0.05, eom^tefng^ 

altering at l east o n e o f t he elements selected from the group consisting of: e xpans i on 
devtee^ometfYrexpai^ 

fou gh nes s , e xpa n sion d e v i c e te x t u re, e x pansio n de v ice coatin g , l u bricant 
composition, l ubric a nt en v iro n me nt a l i s sue s , l ubr i cant fricti o na l modifi e rs, tubular 
m embe r roughn e ss , and tu b u l a r m ember coa ti ng. 

104 5. A-mefeod o f r edu ci n g th e c o ef fi cie nt o f fri ctio n b etweeff4he~expan s i on d evice ^a n d the 
tubular me m ber duri n g ra d i a l exp amiof^te4ess-toff-ef^ual to 0.02, comprising^ 

altering at least one o f t h e e ! e mente-seteoted from the group -con s is t i ng of: e xp a ns ion 



second element, comprising: 

a vaporizer proximate to the interface for vaporizing a lubricant to inject the lubricant in 
the interface. 

10 4 7. Th e s yst e m of claim 10 4 6, w herein the first element co mp rise s an expansion de v ice and 
the sec o n d elem e n t comprises tub ul a r m emb e r during radial e xpans io n a n d p lastic d e forma tion 
o£#*e tubula r m ember 

1 048 . The lu br ic ation syst e m - of claiff^44M6^wbe^tf 
a^esefv^jf-f-Qf-housing a l u br i cant; and 

an-electric pulse generator to create-an-electric p utee4f^the4ukfteaBk 




1 1 1 1 o r 
f trta i 




404^28, 



A lubrication system for lubricating an interface between a first element and a 
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4949. T he4abri€atiefr6ystem o f c l ai m 1048, w riefeiR4rie^teetrie4mputee^ 
at l e ast tw e~etec trod es h o us ed i n th e-reserveff ; and 
aUe ast on e ca pacitor electricall y c oup led to the electrode. 

1 0 5 1 . T h eM ub ric a tio n s yst e m o f cl a i m 1 046, wh e r ein th e va p o rizer comprieesf 
a reservoir for housing a l ubr i cant; and 

an m ag net i c p uls e generato r t o c re ate a magn eti c pul se i n t h e lu b ri c ant . 

1 052 . The l ubri ca t i on system of cl a im 1051, wh e re i n the electri c impuls e gene r a t o r c om p ris e s: 
magnetic coil h o u sed4r^e-f esefvoiFr 

4053. The lubricati on syst e m of cla i m 1046, w herein the lubric at iofi-sy- stem addit i o n al l y 
compr i s es 

an--~e~xpa-R-siGFhdev^ 

wh e re i n the c o e f fi c ient of friction between the exp an s i on de vi ce and t h e tub u l a r m e mbe r 
dwng-fad-ial expansion and plastic defefmation is less than 0.08. 

4054. The lubrica t ion s y s tem of cl a im 1 053-whefe-in4-he-€oeffi€-ient of frictio n i s in t he range-of 
, 0 2 to 0.0 5 . 

1 0 5 5 . T^e4bfhricat i on system o f -daim 1053, ad4itioRaHy-€Qf n p r i s i n gs 
l ubri c a nt bet w een the t u b u la r memb e r and the expansion d e vi ce. 

1056. Th e lu b r icati on syst e m of cla i m 1055, w here in th e lubri ca nt co mpr i s es oil b ased r 

1057. Th elbibftea tion s ys te m of c l a im 1055, where i n the lubricant compri ses H1 oil. 
4 058. Th e lubric a ti o n s y s t em of claim 1055, wh e rein th e lubricant compr i s e s H 2 o i l. 
405-9. The lubrication s vstem~Q^laifn-4&5&^ H3 oi l. 
1060 . T h e l u bficatiofHsyste mi of claim 1055, wher e in th e lubri c ant com p r i s es H 4 -eilr 
4061. The lubrieation system of claim 1055, wherein the lubricant comprises H5 oil. 
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1062, Th e l u bricati on syst e m of cla im4-Q€57-wkefe^^ H6 oil. 

40 63. Th e lubrication system of cla im 1055, w herei n th e lubri ca n t co mprises H7 oil. 

1 0 6 4. T h e4ubfic ation s ys tem o f cla im 1 0 5 5 , wh e re i n the lubricant com p ri ses-greaser 

406 5 . The l ub ric at ion s yst e m of claim 1 055, wher e i n t h e l u brica nt co mpri se s wat er base d . 

1 066. Th e l u brication system of claim 1055 , wh erein t he l u bric ant compris e s dri l l i n g m ud. 

1067. Th e lu b r i ca tion system-G^ela-im 1055, wh ere i n th e4ubfteaf ) t co m prise s d r ill i ng m ud. 

4QS8, Th e lubricat ion system-e^cla-i m 1055 , w here in th e l u b r icant-co m p ris e s dri lli ng m ud and 
s o l i d l ubrican t s. 

40§8r--4^e4uferi€at i on system of cl ai m 1055, w herei n th e l ub r icant c o mp r i ses gre ase com bined 
wi th a s o li d lubr ic ant 

1 0 70 . The4ubric ation s ys tem o f clai m 10 55 r-w h erei n th e lubri c ant c o m p r ises at l e ast 10 % 
Grap-hiter 

1071. The lubrication system o f cla im 10 55, w herein the lub ricant com prises at least 10% 
M o ly bdenum Disu l fide 

1 0 72. The4ub h c ati o n system of claim-405Sr^d4i4feF4all y co m pri s e 
a coating o n- th e e xpa n s i o n device^ 

1 0 7 3. T h e lubr i c a t i on syst e m of claim 1072, w herein the c oatin g comp r is e s Fhyg e n -fflfflr 

4 0 7 4 . The4ubff cat io n s ystem o f c la i m 1 05 3 , addit i ona l ly c o m p ris ing^ 
a^eat4f}§™0fl4he4ufeuJar~ffiembefr 

10 75. Th e lubrication s ystem of c l aim 1074, wh e r e in t h e coating comprises PTFE. 

4 Q 76. T he l ub rica t ion s yst e m of claim 107 4 , wh e r e in th e co a ting compris e s PTFE ba s ed. 
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1077. The l ubrication system of claim 107 * 1 , wh e r e in the coatin g compris e s graphite based. 

1078. The lubricati on s yst e m of c l aim 1053, wh e r e in th e e x p a n sio n device comprises DC53 
material 

1079. Th e lubrica t ion sy s tem of cl a i m 1053, w he r ei n t he e x p a n si o n de vi ce c ompris e s D C2 
material. 

4Q 80 . Th e lu b r i catio n s y stem of claim 1053, wh e rein the expansion d e vic e comprises DC3 
mate r ia l. 

4Q&- 1 . Th e lu bricatio n syst e m of c l aim 1 053, wh erei n t h e e x fian^tefHdevfGe-Go m p r i s e s DCS 

natatorial 

mat e ria l 

1083. Th e lu b ric ati o n s y ste m of claim 10 53 , w hefe m th e expan s i o n de vi ce co m pnses^Mg 

1084. Th e l ub rication s ystem of claim 1 05 3 , wh e re in the expa ns ion d e v i c e comprises CPM M 4 
material. 

4^8§T^he4u^teatioff^ysteR^Q^Ia ^ 1053, w herei n t he e^paf^ioff4evtee-^empfises-40V 
mat e ria l . 

1086. Th e lubrica tio n syste m of claim 1053, wh erei n th e exp ansion device comprtees-3¥ 

4Qgg_ T h e kjfefteatiofrsystem th e-expans-ion-devtee-eemfi ris es an R EM 

4Q8Q^-The l ub r i catien-s ystom of cl a im 105 3, w herein the expansion devfGe-eompfises-a 
^eessed4fn-tebr 
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4 090. T he4b^eatien-system of cl a im 1053, w foefein the expansiaFhde v ice h as a r e lativ el y 
s m oo t h s urf ace-roughness. 

. The lubricat i on syst em-a^elai- m 1053, w h erein the exp ansio n de^4Ge-hasa-i^fr/ety 

1092. Th e lubrication system of c l aim 1053, where i n th e e xpa n sion d e v ice has a smooth 
surface r o ug h ness i n th e ran ge of 0.02 to 0.1 microm et ers 

1 09 3. Th e4abficafe n syst e m of c l aim 1 053, v v^efBlf^4u^ is inj ec te d through at least a 



4094. T h e-lubf4eafen-^ystem-Q f c la i m 10 5 3, w herein I u br4€afit-i-s4q j ec t ed thr-eug-h at l east a 
pfedetefmmed-kibr i ca n t pfess ure is metr 

po r t io n s o f the expamlon-devtee b et w een the t u b u la^memfeei^and4 h e exp a nsi o n de vice at two 
differen t pres s ures. 

1096. Th e lubricat i on system of claim 1 053, w her e in t h e ex pansion d e vic e compris e s: 
a4apefed-p0rti0R^i-t-(van~-0U-tef"Sui4aGei 
i nt e rnal f low p a ssa ge i n t h e ta pe r ed p o rtion; and 

aU ea s-t-an^oif G^mf ef e n t i a I groo v e having aflrs^edge^aad a se c o n d-edge h avi ng w-ith-a 
sl i ding angle on t he out e r surface of the tap e red portion f l uidicly coup te d to the 
ifrtepra!4tew-passa§e^ 
defof m a ti on o f th e tubu l ar m e mber 

whefe^th€^ti4fng-ang-(e4s4&ss^ 



4 097 . T he-lubffcatiefrsystem o f c l ajffl-40§3r^A/hefein the^paRstef^deviGe-GomfiFisesf 
fater4%Wl0w-passage4n4he4aperad-p0fti0fH-and 

ayeas^ene-Gffcum f e r e nt i a l gfae v e having a first e dg e a n d a seco n d e dg e ha v ing w-ith-a 
slid+ng-anglenaM^ 
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i n te rn a I f I ow-pa ssag e4ef-reeeiving-- 




►an-sie n-^nd-plas-tiG 



wh er ei n th e slid in g angle is less tha n or equal-to 10 degrees 

10 9 8. The lubri cation-s yst e m of cl a im 1 05 3 , a d di ti o nal l y co m pris i ng 
Iybrieant4>eiween4l^^^ 

nin e co mpon en t s s el e cted fr e m4he-group c onsist ing o f: 
a-fc^enaUH^etel^ea^ s u l fu rteed-natural oil s ; phosphate 

ester; p hosphor ic acid; viscosity m odi f ier; pour- point depr e ssant; 
defoamer; a nd cafboxylic-aofd-soapsr 

4^99^^l^k^FteaUQf^&yst;em-0^ela i m 1053, wherei FV-th^e-x-pan-sion-d e v i ce comprises 
a tap e r e d po rtio n having a4apered4a€eted-p0l ygona l o uter exp a nsien-s^rfaoev 

44 00. The -l u brication s y stem o f cl ai m 10 5 3r-w her ei n t he tu b ular member has a non-unifefm 
w all thickness and the expansi0fh4evtee^efRprises: 



1101. The l ub r te atie n syst e m o f cl aim 10 53 , w hefein^a M eas t o n e c apac i tor compris e s a 



1 102. The lubrication syst e m of claim 1053, wher e i n the tub ular member com pr i s es a w ellb o re 
casingr 

1 1 03. The-lu-bneafen syst em of clai m 1 053, w herei n the tubular m e m ber co m prtees-a pi p e l in e r 

4404. T h e-lubricatien-sy&tefn of claiff^Q&SrWhefefn^ 
s t ructu ral su p po rt. 

1 10 5. The4utefteafen-^yste m of c la im 1 053, wher-eiR-the-exparv&ion d e vice comp ftees~an 
e-x-pan-sien-GOBer 

44Q?t29. A method for lubricating an interface between a first element and a second 
element, comprising: 

vaporizing a lubricant proximate to the interface to inject the lubricant in the interface. 
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1107, wh e rein tl 




1UC cirrcf 



t he sec on d eleme nt comprises tubular member d u ring r ad i a l exp a nsion and-plastic deformation 
o : Hhe4ybu)ar-memfeef7 

4409. The-meth o d of clai m 1 1 07, ad4ftionaily^omp4sfn§^ 

h o using a lu bric ant i n a re s e rvo ir hav i n g a n e xit pa ssageway^and 
generaUng-an e l ectric p^se4n4be~reservair, t h ere by vapo ri zi n§4 h e lubric an t a n d causing 
a pressu r e p ul se t o force lubricant out of the exit passageway 

111 0. The me t ho d o f cla i m 1 1 0SM/vh erei n th e eteetric pulse is gene rat ed b y disc h arg i ng a 
eapae itor through e lectrod e s stered-in th e lu bric a nt 

1111. Th e m e thod of claim 1 1 07, addit i on all y c o mprising: 

bousing a l u brican t in a reservoir having an-e*&-passa§e way ; an d 



1112. The- m e t h o d-Q^ota im 1111, w foerein t he magne ti c pu ls e i s ge n erated b y current r unni ng 
current t h roug-h ma gnet i c coils stered4n4he4u-bricant. 

1113. A meth o d of cla i m 1 070, addit i on ally comprising: 



n oQi ti n ninn pv nn nQ ir^n HoA/i pp hA\/ inn ,q fir. ct t^nprA/H pnH n n rl a ^p rnn H pn rl ipn ^.t 

O \ 1 1 KJ It frig CTTf CTTVpOi IOlX7t) VJ C> vi V>^ | la V M i y d IIIOl LCI \J CS i \5\J v_/ 1 la O \ \\J IL4 L»l I vU I ICuOt 



partiatiyMM-t hin th e tubu l ar me m b er; 
4f s pla c ing t h e expansion d evice rela t i v e t o the tub u l a r memke^ to rad i al tyexpand and 

pl as ti c a lly d eform the tubu lar me m b e r ; a n d 
w herein t he coefficient of fr i ction betw e en th e expansion devic e an d the tubular mem b er 

dwng-radiar-ex pans i on and p l astic deformation is less than 0.08. 

4 4 1 4. The-methed-o^ la i m 1 113, wh e r e in th e c o e ffic ie nt o £4ric ti on i s i n 4he-range-e^e3~te 

4-1 1 5. The-metbed of c l a i m 1 1 1 3 T -a4d4fenally comprising 

inje ctin g l ubric a nt b etween the tu b uter^mmber-and-fee-expaftsle n d evice ; 
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1116. The methc 

111 7. The m e t h od of cla i m 1115, w he rein t he lubrican t co mpris es H1 oil. 
4- 1 1 8. The m ethod o f cl a im 1115 , w herein the lubricant^om prises H2 o Ht 

111 9 . T h e m e thod of cl a im 1 11 5, w he rein th e4u bri can t co mpris es H3 o i l. 

1 1 2 0. T h e m ethod of cl aim 1 11 5, wh e r e in t he lub ricant comp r i s e s H4 oil. 

1121. The m e t hod o f c l a i m 1115, wher e in th e l u b r i ca n t comp rise s H5 o i l. 
-1-4-2-2^The m e thod o f cl ai m 1115 , w hefe i n th e lubric a n t c o m p ri s es H6 oil . 

1 1 2 3. The m et hod of claim 1115, w he r ein th e lubricant comprises H7 oil. 

1 1 24. The~~method o f clai m 1115, wh ere i n t h e lu bri ca nt co m pfi-ses-§feaser 

1 125. Th e method o f clai m 1 1 15, ■whefeifHtfre-4^ co mpri s es w a ter bas ed. 

44g7Wfte-methe€t-ofela im 1115, w he rei n th e-fab ri ca nt c om prises d r il l in^mudr 

4-4 28. T he-metho d of claim 1115, w hefei n t he luferieant c o mp rises drill ing mud^and-seM 
l ub ri c a nts . 

1 1 29. Th e m ethod of cl a im 1115, wherein t h e lubr -tea nt compris e s greas e combin ed-with-a 

443©^-Tbe4fietk0d-^^ 

1131. The-method-of^aim^^ 
Disulfid e . 
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A 1 32. "ft e-fflefeo d o f claim-4 113, ad4U4e^ally^9fflp4s-ffi§ 

ap pl yi n g a-eoati ng on the expan s ion de vi ce-pa r lo r to posi tioning within th e tu b u laf 
member. 

1 1 33. Th e metho d o f cl a im 1 1 32, whoreln the coating co mp r is es- Fhygen film . 

1 1 3 4. The met h od of cla im 1113 , additionally c ompris ing 
api=4yia§^Goafe^ 

within th e tubular m ember 

1 1 3 5. T h e m e thod o f cl a im 1 1 34 , w he re i n the coati ng-com prises PT F E. 
4-1-3 6 . Th e m e t hod o ^ et ai m 1 13 4^ w he r e in t h ^ceafeg-co m pr ise s PT FE basedr 

4 137. The me thod of daim -4-4^4 T ^efein the coafe g compris e s grap hite-base^ 
44^8,—- T-^method of claim 1113, w herein4he e x pa ns io n de vi ce compris es DC5 3 m at e ri al . 
- 1 1 39. Th e method of c laim 111 3 , wh e re i n the ~exp a n s i on d evtee-Go mpr i s e s DC2 mate r i al 

4444^-Tfre-me t hod o f clai m 1113, w herein the-expansien-€tevi c e co mp r-tees- D CS material 
1 142. The m e-t h od o f c l aim 1113, w herein th expansion devic e com pr is es DC7 material 
4443r~--^e^ 
4444- 7 ^4}enmethed-^^ 

1145. The m ethed-o^aim- 4 113, w herei-n4he-expansjon-device co m pr-i-se-s-4-QV-fflate rialr 

1 146. Th e met h od of claim 1113, wh e rein th e e xpans i on d e v i c e compri ses 3 V material. 
4447^ft€HqRelhe€^ 
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444 8. Th e method-of-daim 1113, whefein4he expansion-de vice compris es~^ r o c es s ed4H4s-br 

444 9. Th e m e thod of claim 1113, wh e re ifhthe e xpansion d evic e has a relatively smooth 
suffeGe-foug-twessr 

1 1 50. The m e thod o f c l a im 111 3, wh e rein t he e xpa nsio n d evice h as a relati ve ly smooth 
surface ro ugh ne s s a nd i nclud e s relatively e v e n l y spac e o il pock e ts. 



1 1 51 > The metho d of claim -444^T^herein-the expansten-d ev i ce h as a smooth surfac e 
r o ughnes s in the range o f 0. 02 to 0.1 mi c rom e ters 



4452. T h e m e th o d of cl ai m 1113 , a dd i ti o n all y compr isi ng : 

i^eGtffig4Bkf^ bet w ee n the tu b ul ar 

m e m b er and the e xpans i o n device. 



44 53. The-methed-o^stafm 1113, a d di tion all y com p rising^ 

i nipp.t inn hiKripnnt th roi inh nt I pn^ t nr 

membe r and the e x p an s ion d e vic e w he n a p r e d et ermin e d l ubricant p ress ur e is 

mpf 



1 1 54, The method-exclaim 1113, additi onally comprising: 

injecting lub ri canUhrough a t least t w €^€H4iens-ef the e x pansion device between4he 
tufeutef-me mber and the e xpa n sion d e vi ce at tw o diff e r en t p r e s sure s . 



1 1 55. The m e thod o f claim 1113, wh erein the expan s ion dev ice, co mp ri se s: 
a-tepefed-portiefH^ 

int e rnal flow passage in th e tape red porti o n; and 

a-t4eas^0ne-GifGumfefef}fe^ 

sMmg-anQie o n th e outer s urf ace o f th e-ta-p er e d port i on flui d icly coup le d t o the 
mtef Ra44low pa s s ag e for receiv i ng l ub rican^dwing r adi ai^pansion-an^lfilastic 
d eform a tion of the tubular m ember 

whefeH^fee^ti4i ^--^gle-ie4 ess than~or~equal to 30 degrees 



445§^-4he meth od^-elair^ ex p a nsi -en-dev-iee, co m prises: 
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at l east o n e cir cumf ere ntial gro ove having a first edge and a second e dg e hav i ng with a 
slid i ng ang le on the outer surface of the tapered portion fluidicly co u p led to the 
mtema!4tew-passa§e-fe r r e c e ivin g-l ubrican t du ring r adial e x p a n-sief^a n d p l astic 
defem^tioR-ef4he4u^taf4nembefi 

wh e r e in the slid i n g ang l e is l ess tha n o r equ a l t o 10 degfee&r 

1 1 57. Th e m e tho d~of~Glaim 1113, additio na l ly c o mprising 

injecting lubricant bet w ee n th e tubular memb e r and th e e xpansion d e vic e, co mp rising a t 
least ni ne c om po n ents sele ct e d from th e group consisting of: 
a base oil; metal deacti v ator; an tioxi d ants ; sulf u rized na t ural- oi l s; phosphat e 

est er; p hosph or i c acid; v iso o sity m od4fie^ouf~po int depr e ssant ; 

defeamer; and cafb oxylic acid so a ps. 

1 1 58. The-method-of-elai-m 1113, whefein4he expansion dev4€e T ~GomjE>Fise-s; 
44-&&^The m et hod of claim 1 1 ^ ^ wh e re in the t ub u l ar m e m ber^has-a--RO{^y^ifeFm^^-t-l 



a4^.pef-ed---pertien4» 

1 1 60. T h e m e th od o f claim 1113, w hef ei n the at4eas^ne-Ga^aetef-eompr-tee&-a 
c ap aci tor b ank . 

11 6 1. T h e me thod of claim 1113, w herein t h e tubu l ar m e mber compr ises a w el lb o r e c as i ng . 

1 162. The method of claim 11 13, whe rei n th e tub ular m e mb e r co mprises a pipeliner 

1 1 63. ThenqRettodnaf^la^ the tubul ar m e m be r co mpr i s es-a- st ruc tur at-s u pp o rt. 
WqA . Th e-meth od of c la im 1113, whefelR-the^xpamlon-devi oe-GGmpr ise s an e xpa n sion co ner 
1 165. A system-feF4ubf4ea : ti-Rg an i nt effaGe^etweeFha-ffrst-elemen-^and a second element 




co mp nsfng-f 
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t o i nj€ 



hihripant in tho 



446 6. Th e-sv$tem-Qf^aim^4£^ a n expansion dev rce^and 

ibe-seeoncl-ete m e nt co m pr is e s tu bular membe r du r i n g ra d i al e xpansion and pte^tf€-defefmafen 
ef4be4ubytef~membefr 



4-1 6 7. The-syste m o f c l aim^465rw h erei n 4he^^^ co m prise: 
me an s f or h ousing a lu brica n t in a rese r voir having an exi t pas s a ge w a y ; 
meaf^-fe^gefierating an electric pulse in the-re&ep^eifr-^ 

an d cau si n g a pre ss u r e pu ls e to for ce lubr ica nt ou t o f t h e e xi t p as s ag e way . 



4-1 68 . T he s ystem of claim 1 167, wh e r ein th e e lec tri c pu l s e i s g en erat e d by d i s c h ar ging a 
c-apacitoFthr-oygh-ele^tfQdes store d-iFhthe-lu bf ioan-t-T 

1 169. The sy s tem o f cla im 1 1 65, w hefeffnthe-means for va p or i zing c omprises: 
me a ns for ho usi ng a l ub ri c ant in a~reserv o ir ha vin g a n exit passageways 

and-^a^^sfBg-a-^fesswe-fi uls e to f orce lubricant out of th e e xit pas sa g eway^ 



Trri I r 1 



current through ma gnetic co i ls s t ored in the lub rican t 



art, H\/ a irr^nt n inninn 

~ \zi tzry v>'UlrC l ll rui n Itrra 



1171. The syst e m of c laim 1 1 65 , a d d i t io n a l l y com pris ing: 
mea#s4oppesitionm^ 

at-least p a rtial ly w itbi n a tubular member; 
means for d i s p l a c ing the expansio n de vice relative to the tubular mem ber to radially 

expand and plastically def orm the tubular member; and 
wheferf^be-eeoffiGie^ 

€faf ifr§-^a4r3^ r m a t ion4s less than 0.08 . 



4 172. Th e syst e m of cl a i m 11 7 1, wbefei n th e-eoeffteie nt of f ric tion is rR4he ra n ge of . 02 to 0. 05r 



4- 1 7 3 . Th e sy s te m of cla i m 11 7 1, add iti o n ally comprising 

meafrs4of4njeGtir^l^ and the expansion-devtees 
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447 4 . T h e s y ste m o f c l aim 1 173 , whefei n th e lubricant compr i-ses-ofj-ba-sedr 
1 173. — The-sy&tefFhef^aim44 

-1476 . The-system-of-elaify M 173, wher^iFVthe4ub4Ga^^Gom^pises44^oltT 
44-77^-— T-he-syst-e m of claim 1 1 7 3, w hefeif*4fo e l ubri -eant comprtees443-eiir 
1 178 . Th e syst em of cl a im 1 173, whefeif^the4ubpf€apt-€ompffse&--H4-Gi-tT 

418 0 . The system-of cl a i m 1473, wherein the lub ri c a nt comp ri s e s H 6 o iW 

1 1 82. The system of claim 1 1 73, w hefe in th e4 ubric a nt comprises gr ea s e . 

44 83. T he^y&tem^^daim^17^-whe-r^ffi4he l u bricant comprises water-base^ 

1 1 84. T h e s ys te m of claim 1 1 73, wh e r ein the lubricant comp r ises drilli ng mud. 

1 185. The s yst e m of c l a im 1 173, wh e r ei n th e l u bric ant com pr is es dri ll ing mu d. 

1 1 86. Th e s yst em o f claim 1 1 7 3, wh e r ein t he lu b r ic a nt co mpri s es dri llin g m u d a nd sbM 
lufeFteafrts-r 

44§7^^he~SYstef^e^Glata^ 
l ubr i cant. 

1 1 88. The -systef n of claif)^4473^whef&in4h^ 0% Graphite. 

44 89. Th e-sys tem of claim 1 173^-wherem4he4Bbfi€ant includes at least 10 % M ol y bd e n u m 
Disuffi4er 
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44-90. T he-system of cl aim 11 71 , add iti ona ll y comprisin g 

m e a ns fo r applying a coatin g on th e-expaRsiefhdeyice-pfie r to p ositi onin g w ithin the 

1191. The~system-of-elai m 1 1 g Gr^effii-f^the^ati^ fi lm? 

1192. T he syst em of claim 11 9 0, wher e in the c o ating comprises P TFE base d. 

1 1 93. Th e s ystem of cl a im 1 4£& r j wherein4b€^^ gr ap hi te ba&edr- 

1 194. Th e syst e m of cl a im 1 171 , w he r e in the e x pa-nsion devic e compris e s DC53 mat e r i al. 

1 1 95. T he-system-of cl a im 1 1 7 l-r-^/^epei^ DC2 matefjalr 

1 1 96 . Th e sy s t e m of c l aim 1 1 71, w he rein the e xpansion de btee comprises DC 3 mat e ri a l. 
1 1 96. The-s ys te m o f cla im 1171, w here in the e x p a nsion device comprises DCS m at eri al . 
1 1 98. T tee syste m of claim 1 1 71- 7 ^hereiB4-he-e-)^paRsion device-comp ris es DCT-materialr 
449-9. Th e ~sys te m o f etaim-4 1 71 , w hereifHthe-e^paf^siefHdevice cempftees- M 2 material 

1 200. T4te~system~8f-ela i m 1171, wbefeiff4foe-expai^ieR-4e^^ material 

4201 . The-system of-daim 1 1 71-rWhereiFv-the expa Rstofhdevtee^mprises-40V m a terial. 

1202. The system of claim 1 171 , wherein th e e xpans i on device comprises 3V material. 

1 2 0 3 . The-system-of-Glai^^ 

-1 204. T^^te-system-of-Glal m 1171, wheffiifM^e-expaRsioR-devi€e~Gom^rises a proeessed^i-R-ishT 
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s u r fa ce rou g h nes s an d in cl u d es relativ ely e v e n l y space oil pock e ts . 

- 1 207. T he-syste rn of cla im 1171, w h erein th e e xpan sio n d evice compfises-a smoo t h surface 
r-Qygkfi-es-s-ifHt-he-r-ange-ef 0.02 t o 0.1 m terometers 

4-2-G§v-^Phe-sys-te m of claim 1171, a4dttiGRatiy--€empft&if^ 

mea ns for injecting lub ric a nt t h rough at leas t a portion of th e exp a n sion d evic e between 
the tubular member an d th e e x p ansion de vice . 

-1-2-Q-9. The s y s t em o f c la im 1171, additi on ally c ompri sing: 

me ans for inj ecting lubri c ant th rough-at least a portioB-ef-tt^e-expan s ion de vi ce-between 
the tubular member and-tfre-expansien device-when a predetermined lubfteant 
p ressure is met. 

12 10 . The s ystem of cl aim 1 1 71 , a d dit io nally c o mpri s in g: 

m oa ner fo r injpptinn i n hrir^nt t h rnnnh Ipnct t\A/n nortionQ nf thp p ynan c inn Hp w ipp 

between-the tubulaf^-membef-a n d t h e expansion-devic e at two diff erent 
pressures: 

12 11. The sy s t em of cla im 1171, whe re i n th e e xp an s ion d e v ice, co m prises: 

interna l fl o w passa ge i n th e taper ed po rti o n ; a nd 

aUeast^ne^j^mferentiaJ^ 

sliding a ngle on the outer surface o f the t a pered porti on fl u id i cl y coupled to the 
internal flo w passage for receivifig-kAfteafri-du r ing ra dlaf-e^paBeion-a^d-^lastle 
de f o rmati o n o f th e tu b ular m e mber; 

wber-eirVthe^sM 

a4apere€H3eriiefvwit^ 

inter na l flo w -passage in the4apefe d p o rt 4eni-an4 
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3n e c i rcumf e r 



3fG0ve4*avf 




?.t prinp and n ^ pro n H prlnp h.^x/inn with a 

t h e tap e r ed portion fluidicly coupled to th e 
i nt e r nal f lo w passag e for rec emt^l^MGafvt^ ring r adial e x p ansi o n an d p la stte 

Hofnrm.cttirin nf thp fi iK i ilor mornhpr' 

wher e in t h e sl id ing an g l e i s less th a n or equal to 10 degr e es. 



1 21 3. Th e s yst em of cl aim 1171, a d d i t io n alty^om^teif^ 

means for injectffi§4ulM€at^ mem ber ^nd4he^-ex-pa n-sien de v ice^ 

com p rising at le ast n i n e comp one nts s e l e ct ed f r o m th e g roup cons i sti ng o f : 
a-base-ofl^metal deactiva t Qff^tio-xi4a^t-si-&ulfurized natorai^il&i-^hQsphate 
este r; phosphoric acid; viscosity modif ie r; pour - poi nt de pr essant; 
defoameffaRd-^aFfeGxylte-aGid-^eapSr 

4-24 4 . The s ys tem o f clai m 1171, w hefej-n4he-exp a ns i on de v ice, cemp r i s es: 

a4 aper ed p o r tio n ha vin g a-tapered4aceted pol y gonal out e r expansi o n su r f a c e^ 

1215. T he-system-o f claim 1171, wh erein the tu bu lar m e mb e r h as a no n -uni fe fffl^^^ 

qnH th p pvn^nQinn H p\/ i c p c c >rri.nri. Q P. Q ..',. 

It v4 II JO CWpwlT31t7rl CTvvl w v> ov^ I nprlO~0 . 

a tapered p o rt i on h a vin g a ta pered-facete d pol y go n al o oteF-expansiof^surfaGer 
424 6 . The s y s t em e f claim 1 171 , wherem^M east-o n e capacitor comprise s a capacitor b a nkr 



42-1 7 . The-syst-e m of cla im 1171, whefein--the4Bb-utaF-membef^Gemprises a w ellbore casfflgr 



- 1218. Th e-s y s t em o f cl a im 1171, w herefn4h e tubula rHqRefnber^ompftees-a-pipel i ne. 



1 21 9 . T h €Ksystem-e^elaim 1 1-7-Vwherein-the t ubula^membeFeefflpftees-a^Fuc t ural su p pefk 



4320^-Tfre-systefr^e^ete^^ 

4224^30, A system for radially expanding and plastically deforming a tubular member, 
comprising: 

an expansion device positioned in the tubular member; and 

wherein the coefficient of friction between the expansion device and the tubular member 
during radial expansion and plastic deformation is less than 0.08 and 
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wherein lubricant is stored in a reservoir with a magnetic coil in the expansion device 
and is injected through at least a portion of the expansion device between the 
tubular member and the expansion device when current runs through the 
magnetic coil. 

1 22 2.31. A system for radially expanding and plastically deforming a tubular member, 
comprising: 

an expansion device positioned in the tubular member; and 

wherein the coefficient of friction between the expansion device and the tubular member 
during radial expansion and plastic deformation is less than 0.08 and 

wherein lubricant is stored in a reservoir and injected through at least a portion of the 
expansion device between the tubular member and the expansion device when 
vaporized. 

1223. 3Z A method of radially expanding and plastically deforming a tubular member, 
comprising: 

positioning an expansion device having a first tapered end and a second end at least 

partially within the tubular member; 
displacing the expansion device relative to the tubular member to radially expand and 

plastically deform the tubular member; and 
injecting a lubricant stored in a reservoir with a magnetic coil in the expansion device 

through at least a portion of the expansion device between the tubular member 

and the expansion device when current runs through the magnetic coil, and 
wherein the coefficient of friction between the expansion device and the tubular member 

during radial expansion and plastic deformation is less than 0.08. 

1224. 33,, A method of radially expanding and plastically deforming a tubular member, 
comprising: 

positioning an expansion device having a first tapered end and a second end at least 

partially within the tubular member; 
displacing the expansion device relative to the tubular member to radially expand and 

plastically deform the tubular member; and 
vaporizing a lubricant stored in a reservoir in the expansion device and injecting it 

through at least a portion of the expansion device between the tubular member 

and the expansion device, and 
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wherein the coefficient of friction between the expansion device and the tubular member 
during radial expansion and plastic deformation is less than 0.08. 

1 225. A rsystefrvfeH^d4a^ c om p ri sing 
means f o r pos i ti o ni ng an e xp a nsi o n d e vic e ha v ing a f i rst t apefed e n d and a s eeend-end 

atdeas-^partiaily-w^^ 
m e an s f or d is plac i n g the -e^paf^fOfvde^4ee^€4a tiv e to t he tub ul ar memb e r t o rad i al l y 

expand and plastically d e form the tubular memb e r; and 
wh e r e i n th e co e fficient of f r ict i on betwe e n th e e xpans i o n de v ice and th e tubula r m e m be r 

d-ymg-radial expansion and p la stio-def ormat4Qfhis4ess-than 0.08 and 
w herei n l u br i ca nt is sto red- in a res e rv oi r and i nj e cted through at le ast a portion o f t he 

ex-pa^siGn-dev4€^^ 

vaperfeedr 

4226. A sy stem for radially expandmg^nd-plastiGall y d e f o rm i n g a tubu l ar m e m b e r, co mpr i sin g: 
means-fe^pos&enin§~an expansion device having a first tapered-end and a second-end 

aUeast pa rtiaHy^A / i th i n the tu b ular mem ber . 
means for d is pl a cing the expan si on-de vice r el at i v e t o t he tubutef-membe r to r a diaHy 

e xpa n d a nd p la st ic al l y d ef orm th e tubul a r mamber-^and 
whefefn4he-GGeff-icien-t-of--f^ t he e x p a n s ion-de-viGe- and-t-he tubulaf-member 

during r a dial-expansion and-pfastte-d&fefmati o n is less4han 0. 0 8 an d 
whe r e in lubricant is sto red in a r e s e rvoir with a magn e tic co i l in th e e xp ansio n d ev i c e 

and i s i n j ected th r oug-h-aM east a -p ortion of t he expans ion devic e b e twe e n the 



magneti c c o i l . 



1227. A systen^jM~-adM^expand^ deforming a tub^te-F-mefflber, comprising: 

me ans for po sitioning an e xpans i o n device having a first tapered-e nd and a secon d-end 

a^teast pa rt iatiy^hfR^^ 
mea ns f or d i splacin g th e e xp a nsi on d evlss-telativeAo-theAyfe 

expa n d aad-ptestieatiy^tefon^ a nd 
m eans for v ap orizing dubrica nt stor e d in a r es e rvoir a nd inj ectin g it thro ugh-aUe ast a 

pertien- of th e expansiof^evice-betwee expansion 

device, 

whereindh e coeff ieient-e^Gtiondsn^^ 
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1228. A system for rasKaHy-exp a ndi ng an d plastically deforming a tubular member, comprisi n g: 
moans for po si tio ning an expansion device having a first t a pered end an d a s e co nd-ead 

at l east p a rtia lly w i t hin th e tu b ular m e mber 
means-fof^tepteei4^the- e x p an s i o n devi-G^elatfve-t^^e4u-by-l ar m e m be r t o rad-iaHy 

expaad-and-p4as tical l y de for m the t ub u lar m e mb er; an d 
meaas4€H^^poa^g4abrica n t st ored4a~a-res erveir and injeotfng-iU^tfQ^gh^aUeas-^a 

portion of the e x p ansion d e vic e b e tw een the t ubula r me mber and the e x p a nsion 

4evteer 

whefefn-t h e coe ffi cie nt of f ric t io n bet w een t h e ex pan sio n deviae-aa d t h e t ubu lar me m b er 

damg--radiaLexfaasioH^ 
wt^&ref^-meafvs-fer-^/aporizes comp rise s a mag ne ti c c o i l i n4h^eservo l^apefabty 

connect e d to a pow e r sourc e . 

1229. A a e x p an si o n de v ice for rad ia l ly e xpanding an d plasti cally d e form mg-^e-tyfeulaf 
one or m 

sarfaee o f the tub u lar-merabe^d ur i n g the r adi al expans i on an d plas^ 

H of n rrnQf in n . of tH pa tiiKi i l^ >r m p mhpr f^ nH 

an i nt e r face b e t w e e n th e expansion surfac e and the tub ul ar me mb er du ri ng the 
radial^xpaaaia n an d plaetiG^efefm ati o n o f th e tubbda^H^emfee^w^ 
p redet e rmined lubr i cant pr e ssure is reached, 
wherein lubrieant is s tor ed-ia^^esefvair-in-th e 1 u b ri cat40a--dev4Gaa ad-ffije€te^throu§-h-a-t 
le as t a p ortio n o f the expansion device bet w ee n the tubul a r memb e r and th e 
expaaaiaa4evtee-w)wH^peFi-zedT 

4£SQ. An expaas-fea~devfGe-fQRa4faHy-ax^aa4ia§^a^ p la sti-eaH^d-efer m i n g the-tabuter 
me mbe r, com prising^ 

Qaa-ar-more-ex-paasien s urf ace s on t h e-expaasiorHjevtee-^^ 

def o r m atlafi-o^-the-tobuter-mem b e r ; and 
a lubricatiefi-^eviae-eperably coup l ed to the expaasion s u feee4aiH>^aetiag4uteaeaa^fate 
aa4aterfaee-be4weea-4h-e expaasio n s u f^aaad4he4yfeuja^aRember^aaag-t^ 
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fa4iai-expafl6-tefHaftd-p-las-tte-de formation of th e tu fe-bdaF 

pi~©d ©t © P FTVI R e d I Ub F{ G3 Fit - p T© S S U*re I S re 3 C bed , a fl d 

wherein lubricant i s stor e d in a resen/oii^wth a magnetic coil in the exp ansion d evice 
tubular-m emb e r an d th e e xp a nsi o n d e vi ce when c ur re nt runs t hr o ugh the 



4^1-r-Ametted^ 
com p r isi n g : 

po s iti o ning an expafisiOFhdevtee^iay^^ surfaces4n4he4ntenef 

surface of the tu bul ar m ember; 
d-ispla€4n§4he^xpa^ 

pl as ti c a lly d efo rm the4ub u l a r m ember 
opera-ting a lu br ica t io n de^G^4e4^ecUub4Gaf^^to an interface-bet w een the exp an si o n 

s urface and the tubular me mber w he n a pr e d e te r m ined lubricant -pfessufe4s 

r e ach e d, a nd 

.}eas^a-pQrt4QfH3f4^ tubular m e mb e r and th e 

e xpan s i o n d e vi ce wh en va porizedr 

1232. A method for ra 4iaHy-exp a nding and plastically-^efermin g the tubula-f-membefr 
co m pris in g: 

p o si t io nin g a n expansion dev ice4ravi ng one-cf-m ere exp a nsion s urfaces i n t he-interior 

surf a ce o f th e tubular m ember; 
displacing-the-e x p ans io n de-vfee-fe(at-ive-tQ4h^-tubular member to r a diall y e x pa n d and 

pla s tic ally d e form the tubula r m e mb er; 
o pe ra t i n g a-k^Reafei^e¥fGe-to4nject Iu b rican^fnte^n4nterfaee between the expansion 

surface and the t ubu l a r m ember when a pred etermined l ubricant pr e ssure is 

reached , an d 

wherein lubricant is sto red-i-R-^esef v o i r with 3-Fregnetfc-e0il4n4be e xpan s ion devi ce 
and is in jected-tbfougb-aMe as t a portio n o f th e-e xp a ns ion-device-between4he 
tubulap-member and the expansion d e vic e when curr e nt runs through the 
magnetic-coil 

1233.34% A lubricant delivery assembly for radially expanding and plastically deforming a 
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tubular member, comprising: 

an expansion device having a tapered portion with an outer surface, at least one 

reservoir for housing a lubricant, at least one circumferential groove on the outer 
surface fluidicly connected to the reservoir; and 
a lubricant injection mechanism to force lubricant into the at least one circumferential 
groove while radially expanding and plastically deforming the tubular member 
when a predetermined lubricant pressure is reached. 

123 1 . The lu bri c an t delivery assembly of c l ai m 1233, w he re in lu bri c a nt is s tor e d in a res e rvoir 
wife-a-mag^et-ic coil in the e x pa^eR-4e\4ce-and4s4B}e€te d th r o uth-a-Ueas^a-portion o f the 
expa nsi o n device bet w e e n th e tubular member a nd the expansi on de v ice whe n curren t runs 
t hrou g h the magnetic coil. 

- 1235. The l ubric ant de li v ery a s sembly of c lai m 1233, w herein4ubricant i s stored4fha-feseFV0tf 
iR4he4ub ric atio n d e vice and injected thr oug h at least a portion of the e xp ansion de v ice between 
the- tubu lar m e m bef^d4he-expaf^ef^devtee-wt^R-vapefge^ 



- The lubric 

wit h e l ectrode s that are e l e ctrically coupl ed a cap a ci t o r i n t h e-expa nsi o n d e vic e-aftd4s-mje€ted 
e xp a nsion devic e wh e n th e c apacitors disohafgesv 

1236. An expaftsion~4e v ice for radially expa nd i n g a n d-plastica tiy d e form i ng a tub u l a f-membe^ 

a4ape f e d portien-with an outef-suffaGei 
int e rnal flow passag e i n th e tapefe d portion; and 

at4east~en e circu mfefeffel groove having-a-fi rst edg e and -a^eeoftd-e4§e^A/-ffra 

predet e rm i n e d sl i ding angle on th e o ut e r surfac e of th e tap er e d portion fluidicl y 
eeu^le€We4he4RteFF^^ 

expan s ion and pla st ic d efo r m a t io n of th e tubular member ; 
w h erein t he sli di ng-af^e4s4ess4hafro^equ a l t o 3Q~4e§feesr 



fnag-netie-seiUn t h e e x p a nsion device and is inj ect ed4iTOyg£Ha^^ expansion 
devtee^e^eerHth e4ufe-utofH^ d th e ex pa n si o n d eviee-when current r u ns threu§-h4he 
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T t rat 




12 3 8. The expansion device of cl aim 1236, w herein lu bricant is stored in a reservoir in the 
tu bu l a r membe^and the exp an s i o n de vic e wh e n vapo rized 

1239. The e xpans i on devic e of claim 1237, w herein l u bri c an t is s to red- in a r e servo if-wife 
ete€tfQdes4hat~afe-etec tri catiy coupled a ca paeit9fMfv4l=te-^^ 

through at least a portion of t h e ex pansio n d e v i c e be t w een the tubular member and the 
expansion device-w h en the capacitors discha-rgesr 

+24Qt— An-expansion-dev^ 
comprising 

a-lea-ding-pQft-iQR-with an oute r surfa ce-; 

i n t e r n a l fl ow p a ss a ge in the leading portion^ 

pqi ml* 

expansion an d p l astic d efefmatten-ef-the4 ubu l ar member; 
a4apered po rti o n ^ /v i t h a n outer surfaee^ 

inf^rn.^l flow n.qqqanp in thf> tn n prf^ H n ortio rr ^ nH 

at4east-one circumferential groove-Qf^^e^^ef^wface o f the t a pered perfernfl ui dicl y 
c oupled to the i nt e rnal f lo w p as sage for rec eiving lubr ic an t du r ing radia l 
ex p an si on and-^as-ti^defef ma t-i o n of th e4ub u lar memfeefr 

4244r--4fre^ re i n lubr i caBi4s-^tQfed4n a re se rvo if 

wi th a m agnet i c c oi l in th e ex p ansion d e vic e and is i n jected th r o ug h at lea st a po rtio n of t h e 
expansion deviee-between-the t u bularmqembef^nd4he-expan&i o n devfce^hemeuffent-ruf^ 
thr o ugh th emag-n etic coil. 

124 2 , T h e-expansi on devi ce of clatfFh4-24QH^&^ is st ore d in a-fesefveif4n4t^e 
lubnca-tion-4evf6e a nd in}eete44hmu§ h at least~a~pertie n o f t h e^xpansien-devtee-between4he 
fafa^r-me mb e r cH^^e-expansleR^eviee^ /hen vaperfee4v 

124 3. The-ex p ans i on de vi c e of-ctelm 1240, wher-ei n4ub riea nt~i s stored in a reser v oir w ith 
eteetredes-tha-^are-eleGtfieatiy co u-pled-a-ea paei-tQr4n t he ex pa ns io n d evic e a nd i-s4njeete4 
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e-xpa n s i efHGteviGe-w&er^^ 

1 2 44 . A n expansio n dovico for radially expanding and plast ic a ll y deforming a tubular member^ 
com p r isin g 

a^eading-^ertiefH^^ 

inte r n a l fl ow passa§e4n4he4eading port io n ; 

at4ea-s^QR^GffGyfflfefefft-ia-t-§fQove on the outer s u rf aGe^M^e4^-pefed-port ion^tu i4f Gly 
coupl e d to the int e rnal flow passage for r ecei v i n g l u bric ant during radial 
e-Kpa^&i8n-afi4^astiG-defermatiQFi^of the fabu]af-~membe^ 

a4a^ered po rti o n w it h a n -euter surfa c e; 

iRtefBaW40w-passage4n4he4aper^d-p0ftiGfii 

aUeas±~&fvzh<^v^ o n the o ut e r surfac e o f t h e4a pefe^portiof^-fluld-iGly 

eoupted to the-internal-flow pass a ge fof-feGeMng l u b ri c a nt dufing-radial 
exp a nsio n and plastic deformation of the tubular me mb er; 

wtweifHthe4ubfic a nt in the leading portio n is a t pr e ssure diff eren t f ro m th e lubric a nt in 
t-he-tape-red porti on. 

4 245. Th e e xpans io n de v ice o f claim 12 4 4^whefein-lu bricant is stor e d in a r ese rv o ir with-a 

devfGe-teetween the tubular membef-and the expansion device w h en current runs4hfQ^igh4he 
ma gn eti c coil. 

1246. The e xpansion d e v ice o f c laim 1244, wh e r e i rUu bri c ant is s t o r ed in a reser v o i r in th e 
iubrtoatien devi ce and i nj ected through aMeast -a portio n o f t he expa ns ion deviee-betweefhtbe 
tubul ar m e mb e r and th e e xpansion d e vic e wh e n vaporiz e d. 

1247. Th e e xpansion d e vic e of claim 1244, wh ere i n l ub ri cant is stor e d in a reser v oir w ith 
ej ec tro des that are electrically coupl e d a capacitor in the expansion device and is i n je c t ed 
thro u gh^aMea&^a-por t i on of th e e x pamion-deviG^betwee n t he tub u lar m e mb e r a n d the 
expans i oR-devfee-whe n the-capaeiters disc ha rges. 

1248. An e xpansion device fo r r adi a l l y expanding and plastic all y d e f o rm i ng a tubu lar member, 
a4ea4i-n§^ertieF^ 
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fRtern-al4to j 



in frh q lA^dinn n nrfinn* 



atleast-CH^e^fGum^ 

eeupled to the internal flo w p assage for recei vi ng lubrieant-during radiat 
e x p ans i on and plast i c deformation of th e tubular mem b e r; 

a4apefed-peftien with a n oute r surf a c e; 

mtemaJ4lew-passa§e^ 

a t l e as t o n e ci re um f oro nt ial gro ov e h avin g a first ed ge an d a second e dg e with a second 
pred e t e rmin e d s l idin g ang le on the outer surfac e of the tap e r e d port i on fluidicly 
coup led to the in t ernal flo w p a ss ag e for r ec e i v ing l ubricant during radial 
ex^E>aj^ofH~m^ 

sliding an g l e is le s s than-at^e qual to 30 degrees-^ 

4^49^The-^pansion device of c laim~~1-248 , w herein lub r ic ant is sto r ed4 n a reservoir w iih-a 
magneti^c^il-in th e exp a nsion de vi ce an d is i n jec t e d through a t lea&^a-pQ-rtiQR-of4he-^e-x-pan&ion 
device between4ke-tubular member an d the-expansi o n device when cu rr e nt runs thro u gh the 
ma g netic co i l. 

1250. Th €H-expansion dev-ice-of-cteim 124 8 r^he re in lub r i c a nt is s to fed4fHa-4eserv oir in th e 
l ubr ic ati o n d e v ice a nd i n jecte d throug h at least a por t ion of th e e xpan si o n d e vice-bet we e n th e 
tu-bytef-membe^-nd-t-he e x p a nsiof^devfee^her^vaperfeedr 

1 251. Th e ex p ans ion devic e o f cla im 1218, w horoin l u brica nt is stor e d i n a reservoir w ife 
eteetredes^hat-afe^^ in th e e x p ans io n deviee^44s-mieeted 
thro ugh aM e as t a portion of the expansio n d evic e bet w e e n th e t u b ula r m e m be r a n d the 
e x p a nsion-deviee^en the c a paefeEs^feetofgesr 

1252. An e x pan s io n d e v i c e for radially expanding and plastic a lly deforming a tubul ar m e mb e r, 
co mprisin g^ 

a4ead-mg^rt^0R^ith-af^ 

ifrtefnal4iew^^ le a d ing poftioni 

ai^east-eBe-eireufF^ p ortio n f lu i dicl y 

ceupled-te-the int e rna i-fiev^paseage-fef-fece ivi n g l u b r ieaR^dwi-ng-fadial 
expansion and plastic doformation of the tubula r m e mber; 

a4apere d portio n-with an outer surface^ 
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a t l e ast on e ci r cu m fe ren t ial g-reo v e hav i ng a first edge and a s e c ond e d ge wit h a second 
fifedetefmifie4^f4Hqg-ang[e on-the outer surface of the tapefed-pertiQfHftyjd-fdy 
coupled to th e in ternal f l o w passage for receiv i ng lubrica nt dufing-radial 
expansio n and plastic d e formation of the tubular me m b er; wh erein the second 
slidin g angl e is less t han or e qua l to 30 deg re e s. 

125 3 . T h e e x p ans ion de v ice of cla im 1252, wh e r e in l ubri c an t i s s t ored i n a r eservotf^wri&ha 
magnet i c coi l in the-e^pafieiefhdevice an^4s-iftjected through-aUeast a portion-of the expaftstefl 
devi c e between th e tubular m em b e r and the expans ion d e v ice w hen current r u ns through th e 
magnetic co i l. 

1 254 . T-h^-expa R-S4Q n -dev tce-Qf -eta i m 1 252, wherein4ubfiGanU^ 

lu b ri cat i o n-de v ice a nd i n jeete d through ^aMe a s t a porti o n of th e expansierhde vi ce b etween the 
t-ufaj-ta-r-member- a n d t h e-ex p ansion dev i ce when^vaperized. 

1255. T h e— expamfGR-devf ce -of-ctai m 1252, w herein l ubric ant is stor e d i n a r e s e rv eif-witfr 

th r o ugh at 4eas£a~peftte n of the expan s io n d e v i ce betwee n the tu b ul ar m e mb er a nd th e 
expaRS4Gf^de¥tee-wh en th e c ap a c itors discharges. 

1256. An ex pamfen-devtee-fer radially expanding and plasticatiy-4efQfmlng a t ubula-p-member, 
co mp ris in g: 

a4eadjng-poftfo n w i t h an outer suffacei 
inter n al fl ow -p assag e i n the l ea d i n g p o rti o n; 

ayeast-one-ciffiufflfer e ntial greeve-oft-the-outer surface of the4apefed-pertioR f l uidicl y 
coupl e d to the i nt e rnal fl ow passage fo r r e c ei v ing lubr i c ant during radia l 
expansion and plastiG-deformat4on^f4he~^ the i nte-mal-f-lew 

passage^ 

a4apefed^oftien~wk4^f^owtef^uffa^ 
Ifiternal-Hew^ as s ag e in th e tap ere d po rti on; 

aUeas^-ene c i rcu m fere nt ia l g r oove-having a first edge and^a-se c o nd e4ge-wi-th-a-se c o n d 
pre d e t e rmine d sl i d ing-af^e-en-tho outer su r f ace of the-ta^red-pefUef^lbfidlely 
eoupled-te4he4ntefRal flo w passagejof-reGeivi-ng lubrieaf^d^fmg-fadlal 
e xpansion a n d p l asti c d efermatien-e f the tubula r memb efHA^efefa4he-&eeGBd 

cJIHin n onnlpv iq. If^Qc, th^n nr pni i.^l tn ^0 Hpnrp p^' 
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whereif^#*e4y^ 

tbe4apered p o rti on 

4 £57. T-he— expaff&fQR-deviee-ef-Glaifn 1256, whefeiR4fcffefica n t is stored in a resefveif-wifrha 
magneti c co il in the e x p a nsi on de v i c e an d i s inj ec t e d th rou gh at l east a p o rt i o n o f th e expansion 
d e vi c e between the t bfbuta r-membef-an d the exp a nsioi^evtee^A^n-^ rrent run s through the 
ma gnet i c co i l. 

125 8. T h e exp a nsio n d e vice o f cl a im 12 56, w herein lubrica nt is stor e d in a reservoi r in th e 
lubr i catfOF^devtee^fid-^^ the 
t ub u laf-membe r and t he-expaasfen-de vice w h en vap o ri ze d T 

1 259 , T h e~~expans i on de\4ee-et-eiaim 1256, w be r ei n l u b r ica nt is stor e d i n a res e rvoi r with 
electrodes t h ai -are electrically-eo^i-pted a capa ci to r in th e expans ion device and is injected 

expansiofvd e-v-ice-wh e n t h e ca-pacitors disc h arges. 

4260t35. A method of reducing the coefficient of friction between the expansion device and the 

tubular member during radial expansion to less than 0.08, comprising: 

altering at least one of the elements selected from the group consisting of: expansion 
device geometry, expansion device composition, expansion device surface 
roughness, expansion device texture, expansion device coating, lubricant 
composition, lubricant environmental issues, lubricant frictional modifiers, tubular 
member roughness, and tubular member coating. 

1261. Th e m e th od o f claim 12 60, w he r e in lu bri cant i s s tor e d in a r e s e rvoir with a magn e ti c co i l 
m4he~-expan-siGf^ a~portion of the expansion devtee 
betwee n th e tu bu lar m e mb e r a n d the exp ans io n device w he n curr e nt runs thfo^gtvy^ma§neti€ 

ac\i\— 

1 2 6 2 . The method o f clai m 1 2 60 , wherein-4u^nean-^te--stere€i4n a resef^fr^fv4he4ub ri c at ioB 
deviee-a n d inj eeted4&Feugl3-^ayeast a perfre n o f the-expan sion d e vi ce b e tw ee n th e tubular 
membef-and-the expansion device-when-vapGRz-edT 

4^63r--4^e-met h o d o f clai m 1 2 60, w herein4ubi4ean£4s-st0^ 
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grp pi ppt rip.^llv pnunlp H pr^ n.^rifnr in thp pvn^nQion rlpwipp ^nri inipnfpri fhrnnnh £\\ IphqI n 

porti o n of th e-expansion-devic e bet w een th e t ubular me mber and the expa nsi o n de\4ee-wfreft 
the cap a citors discharges. 

42€4r36. A system for radially expanding and plastically deforming a tubular member 
having a non-uniform wall thickness, comprising: 

an expansion device having one or more expansion surfaces and a tapered portion 
having a tapered faceted polygonal outer expansion surface in the interior 
surface of the tubular member. 

126 5 . The s y s te m o f cla i m 1264, a dditionall y comprising: 

lubricant b e tw een the t ubulaF-rRemfeer-a^d-the expansion de v ice, 

-1^-€&.— -The sys t e m o f cl aim 1 265 , wh e rei rht h e l ubricant com prises oil based 

1 267 The syst e m of c laim 12 65, w he r ei n t he lubricant comprises H1 oil. 

1268. T he s ys te m of cl a im 1265, w he r e i n the lu b rican t co mpris es H2 o i l. 

- 1 269. T he s yst e m of c la im 1265-rWfre r ein the lu bric a nt compri s es H 3 o i k 

1270. The syst e m o f cl aim 1265, wh e r ein the lubricant comp ri ses H4 oil. 

1 271 . Th e-syste m o f cla im 1 2 6 5, wh erein th e l ub ric an t com p rises H5 o i l. 

1272. The system o f cl aim 1 265 , wh e r e i n the lub ricant co mpr is es H 6 o il . 

1 273. Th e s y s t e m o f c la im 1 265, wherefB-the lub ric ant c o mpris e s H7 oil. 

1 2 74. T he-system-o f claim 1265 , w herefR4he lu b ric a nt co mp r is es-ffeaser 
4-27 5. Th e system of c la im 1265, w he r ei n t he-l-u-bricant compffses-wateF-basedr 
1276. T he syst em-ef cl ai m 1265, whe)^if^he4ubrfearrt-^amfirises dfiUing-mudr 
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1278. Th e syst e m of c l aim 12 6 5, where in the lu b ri c a nt c o m prise s drilling mud a n4-soM 



1279. Th e syst e m of claim4^g5 T -v\4w^ w i th a soM 



1 2 8 0. The s yst em o f claim 1 265, wh e r e in t h e l ubr i c ant comprises at least 1 0 % G ra^htter 

1281. Th e s yst em o f cl a im 1265, whe rein t h e l u bri cant c omp r is es a t le ast 10 % -Mol ybd e num 



4282. The system of c l aim 1 264 , additionally comprisffM^- 
a-Goatin g o n t h e e xpansi on devicer 

128 3. The-syeteffl- of claim 12 82 , w he r e i n trie-coating c ompri s e s Phy gen f i l mr 

4284 . The sysfem-ef^a-i-m 12 6 4, a 4dttie nalty c o m p r isffi^- 
a-Goating opwthe tubular member,- 

1285. Th e system-ef-elaim 128 4 , wh e r ein the co a ting compr i s e s PTFE. 

1286. The syst e m o f cla im 12 84, w herei n th e coa ting comprises PTFE based. 

12 87. The syst e m of claim 1285, w herei n th e co a tin g co mpris es graphite basedr 

1288. T be-~svstem-Q^ 

1 289 . Tbe-sys-tem-o f c l ai m 1 264rwt^effahe-e^pan^ ce comp rises-^€2-fflaferio4r 
429Q. The system of claim 1264r-wherein the e x paf^s-ion deviee-eem pris e s DC 3 material 



1 1 iHricpntQ 



l ub ric an t. 



Di 
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1 2 93. Th e s yst em-of cla im 1264, wherein the exp a nsion de vi ce compris e s M2 material. 

1294. T he sy s tem o f c lai m 126 4, w he r e i n th e expansi o n d evtee-^semff ris e s C PM MA m a ter i al . 

429 5. Th e system of c l aim 1261, w herein t he expansion d e vic e compris e s 1 0V mat e rial. 

429 6. The system of -s laim 126 4, wh e r e in the e x p ansion de vi c e compris e s 3 V mat e ri al 
1297. The system of c l aim 12 6 1, w herei n th e e x p a n sio n d e v ise c om prises an RE M fi ni sh. 

4-29Q^The s y stem of claim 1264, w herein the e x pansion dev i ce h as a r el ative l y sm ooth s urface 
r-oyghnessv 

1300. Th e sys te m of-Gte-im-^l-^e^-wher-ein the expansion~4e¥ioe-h as a r e l at i v ely smeoth-swfaee 
foyg-hnees^and i nclu de^reta t i v ol y ovonl y sp a ce o i l po c kets. 

4304^T4ie-sys-teffl-a^^ a smooth surface 

mughness in the rang e of 0.02 t o 0.1 mi crom e ters 

1302. Th e syst e m of claim 1264 , w herei n l ubri ca nt is inject e d thro u gh at l e ast a p ortion o f the 
e x pansion devic e be tw ee n th e tubu l ar m e mber and th e expansion d e vice. 

1 3 0 3, T he syst e m o f claim 1 2 61 , wher e in lubricant i s injoct o d through at l e ast a po rtion of the 
expafisieR-devtee^ t u bul af-ma mb er and fe e-e^paneion-4evioe^er^ 
predetermined lubricant pressure is met. 

43 0 4. Th e systeffnaf^laiffl^ h a t least4wo-porf-ioRS-Gf 

tha-expan^ion device between4he4y tola r member and4he-expansion device at t wo differ e nt 
pfes su rasr 

4^0§- — Tbe-systeRF^ef-Glaif^^ 
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Memal4\0w~pass a ge in the4apeFed-pertiofH-aft€l 

at l ea st one circumferential g r oo v e havin g a fi rs t ed ge and a sec o n d ed g e havi n g w ifh-a 
sliding angle- on the out e r surface of the tap e re d portion fluidicl y co upl ed to the 
i nt ern al fl o w pas s a ge f o r rec eiving lu b r i cant du ri n g r a d i al-expan sion and p las tic 
deferfTOti©FV0f4he4^ 

w h e r e i n t he sl i di n g a n gl e is l e s s than o r eq ual to 30 de grees 

1306. Th e s ys tem o f c l aim 1264 , wh e rein the ex pansion de vice c o mprises: 
a t a pered portio n with an out e r surfac e; 
i n t e r n a l flo w p a ssage in th e t ape r ed p o r ti on; a nd 



tabfteaFH^bet w ee n t h e tu b u l ar member^and the e xpansion devic e , co mp ris i ng at le ast 



13 0 8. The-systefFhQ f cla im 1264^-wbereB^fabfic a nt is sto r ed i n an :: eseFvoi^ft-h-elect ro des t h at 
are electr i c a l ly coupled a capa citor in the exp a nsion device and i s inj ec te d t h r o ug h at le a s t a 
p ortion of th e ex pa n s i on d e vic e between th e tubu lar member and th e e xpa n s ion d e vi ce when 
t he capacitors discharg e s. 

4309. Th e system-of-elaim 1264 r^ereiff4h^4^b ular memb e r co m p ris es-a-wellbore-easingr 

4310. The sy ste m o f claim 1264T^whefein the tubular-memfeer-eemprises a pipe l i n e . 

131 1. The-system of c l aim 1 264 rWhe r e in th e tubular me m ber-Gat^rise^-a-^tfuotu-ra I support . 




slid i n g an§te-en4he o ut e r surface o f t he4apered-p ortion f l uid i cly c oupl ed to the 
Intefnal4tew-passage fer-reeefvi-ng-l-uferic a nt dur i ng radial expans-iofhand plastic 
deforma t i on o f the tubul ar member-; 
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1312. The syst e m of cla i m 1 ^§4r^A/{rerein4rie compris e s an e xp ansio n con e , 

1313.37, A method of radially expanding and plastically deforming a tubular member 
having a non-uniform wall thickness, comprising: 

positioning an expansion device having one or more expansion surfaces and a tapered 
portion having a tapered faceted polygonal outer expansion surface in the interior 
surface of the tubular member; and 
displacing the expansion device relative to the tubular member to radially expand and 
plastically deform the tubular member. 

1 3 %A . Th e metho d of c l ai m 1313, additiona lly co m p r ising: 

-1-34^^T-he-met-hod of c l aim 12 1 0 , whereirvthe-lubRG-a nt comprises oil b ase4r 
- 1 31 6 . The--fflethQd-Q^€jairn 13 1 5, w hefe i n th e4ubfteaf£ c o mp rises H1 oil. 
1317. Th e-fflethe d of c l aim 1315, w herei n t h e lu b ricant c om p r i s e s H 2 oilr 
^^T^he-methQd-o^Malm 131^7-whefein the lubri cant c o mprises H3 o il . 

131 9 . The m ethed o f cl aim 1315, w he r e in th e lub r ic a nt co m pri s es H A o i l. 

1 3 2 0. The me th o d of claim 1 3 1 5, where in4he lu bric an t c omp rises H5 o il . 
- 1 321 . The meth od of claim 1 31 5, wh e r e in th e lubricant com p rises H6 oi l. 

1 3 2 2. The m ethed-e f clai m 1 31 5, wh erein th e lubricant com p ris es H7 oi l . 

1323. Th e methed-o f claim 1315, whereifHy^e^u& rican t c o m p r ises-greaser 
432 4 . Th e-methe d of cl aim 1315, w herein th e4ubricant comprises^/ater basedr 
132 5. Th e-methed o f claim 1315, w hefei n th e lubr i c a nt comprises~df4)4R§~mu47 



134 



25791.305.05 

1 326 . Th e-method-of^lan ri 131 5 , w befefFh4be4^ 

1327. Th e method of claim 1315, w h ere i n th e lub ri cant com prises drilling mud and solid 
l u bricants. 

1 328. The-method-o^elaim 1315, whef^R4he4ufet4eafvt comprises-gfease combifted^/wth-a 
soli d l ubricant . 

1329. Th e method o f c l aim 1315, w he r ei n t he l ubricant inclu des at lea st 10% G ra p h it e. 

13 30 . T h e m etho d of claim-4-3-1^ vhere i n the l ub r ica nt in c lu des at le ast 10% Mo l ybd e num 
D isu lf ide 

1331. Th e-methed- ef cla i m 1313, additiona l l y comp ri s ^g 

app4yfng a coatog-QfKthe^x-pansiQn-devjce p rior t o p os i ti oning^lthiR-t h e t ubular 
membefr 

1 332. T he-method of cl a i m 1331 , whefei-n-the coating co mpfises-R^ygefHWffir 

thoH of Hnirn 1313 nrl d ifionnll w fo m nri ^ inn 

TrtxJKl \J I ulQTm ! O l XJ^ CAXjrxXtXt\y I I d 1 1 y UUI llpl lot riy 

within th e tubula r membe r. 

1334. The met ho d of cla i m 1333, w h e rei n the coa t ing co m p r ises PTFE. 

1335. Th e met h od o f cl ai m 1 333, wh e r e in th e co a ti ng co mpris e s PTFE ba se d r 

133 6 . The-me thod of cla i m 1333, wherein the coat i ng com prises graphit e based. 

- 133 7. T h e-metho d o f cla i m 13 1 3, w hofeifHthe-expans i on devioe co m p r i s es DC5 3 m aterial 

133 8 . The-^f^-hod-e^etaf m 1313, w herein the e xpa ns i on de vice-eomprises-RC 2 m a t effalr 

13 39 . The-method o f cl aim 1313, whereH4-t-he-expaBSf OR-de¥ioe-€empr i s e s DC3 m aterial 
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^407— Thenrietbed^^ 

1341. The m et hod of claim 1313, w herein t he e xpa nsion device comprises DC7 ma t erial. 
4 342. Th e me th od of cl a i m 1313, wh e r e in th e e xp anSrOFhdevi c e c o mpris es M2 mat e ria l. 

1343. The met h o €l9i-elam4£^^ de v ice co mp ri s e s C PM M 4 mat e ri al 

13 44 . Th e m e thod of claim 1313, wh e r ein the expansion device compri ses 10V mate ri al . 

1345. The m eth od of claim 1313, wh efei n th e e x p a nsion de v ice co mp rises 3 V mater ial. 
434&^— The-me-thod-Ql-Glaim 1313, w twefc^tke-expa nsion de vi ce co m p rises an REM fin-tehr 
434 7. Th e method of c taim- 1313, w hefein the expansion de v ice comp r ises a pr oGessed4ifvte&r 




ro u ghness in the r ang e of 0.02 to 0 .1 m ic rom ete r s 

1 3 5 1 . The m ethod of claim 1313 , additionally comprising: 

injecting lubricant through at l east a portion of the expa ns ion d evice b e tw e en the tubula r 
m e mb er a nd th e e x p a nsion device. 

1 3 52 . T h e me t hod o f c l a i m 1 31 3 , addWomlt^eoffp^sfn^ 

i nj e cting lubricant through a t least a portion of th e exp a nsion devic e betw ee n th e tubular 
membe^and the -expaft sion devic e when a pr e d e termin e d lubri eafFr-pfess ur e is 
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a tapered portio m/ v ith an outer surface; 

at l e ast on e ci r c umf e rential g r o ov e h aving a f ir st ed g e an d a second e dg e hav i n g with a 
slj4in§-^§-re^fr4he^^-ter s urf ace 0f4he-t-apefed-pQftrQfhf r BjdiGr^Goypted to the 
in t e rnal f l ow pass a g e for re c e iving lu br ican t during radial e xpans io n an d p lastic 
defermatieR-of^e^^ 

w herei n t h e sl id i ng an gle is l ess th an or eq u al to 30 d e gr ee s. 



4^55. The~me th od of claim 13 1 3, wh e r e in t he-expan^ioFr-devf c e, GQ ffpfee^ 
a4apered~peffefRA^^ 

in t ern a l fl ow -pas sag e in th e tap e r e d po rtiefn-and 

at least one^tfGumfefent^al-groove having a first edge a nd a^ecofHj^d§e---havin§-AA/it-h--a 
s(i4iR§-af)§-le~e n the o u te r s urf aee o f the t apered port i on f l uid icl y c o uffted4e4he 

d e f o rm atiofvef4he4u-ky^ 
w-heffifn4he-s-Mn§-angle i s le s s thafhopeq-ual to 10 d egree s . 



1 3 5 6 . T he m eth od of c l a i m 1313, additionally co m p rising 

"iripnnt hp^A/p ^n th p ti i Hi t in r m pmhp r nnrl th f; 
ivvcn rt kJkj tvv I i Lric; i\j M u id I rrrcrr i aria crtt: 

l e ast nin e e e mpon e nts s e l e ct e d fro m t h e g r oup consist in g of: 
41^ metal deactivator^ a ntioxidarvts^ sti - !" 



defeamep^af!4-eafbexyl-ic a c id so a ps. 



435^^4}eH^ethed-GtHGlam^ 

ar e etec t ri c a l l^-Gebfpted-a-eapaGfter i n t h e e x pa nsio n d e v ice; ad diti ona lly comprisi -ng^ 
ch a rgi ng th e capaeitefi 

dis c ha r gin g th e ca p acito ^ hrough th e e lectro des ; a n d 
lfyeefe§4J^ 

fateuia^T}embei^nd4h^expaRsiQR^eviGe-when the capacitors discharges 
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A 358 : The imethod of cfaiRPi 1313, wherefn the tfcffewl^T merRber comprises a-weltbore casing: - 

135 9 . Th e m ethed-o^el aim 1 313 , w&ereiR-the t u bul a r memb e r comprises a p ipe li Re^ 

43 6 0. Th e method of claim 13 13, w herei n th e tu b ul a r m em b e r compris e s a stru c tu ra l suppo rt 

1361. Th e met h o d o f c lai m 1 31 3 T wh e re i n t he e xp ansi on de v i c e compr i s es a n exp a nsfeR-eoRer 

1362. An expansion device for radial l y e x p a ndi n g an d pl a stical l y d e forming a tubul a r m ember 
eemprislRg; 

a tapered po r tion w ith an outer surf a ce; 
internal flew-passage in th e tapere d p ort io n; and 

a^leae^one c i rcu mf ere nt i a l g roove ha ving a first edge a nd a seeeRd-edge^A^th^a 
pFedetefmined--s!idfng-a-R§te--on4he"Outer-^ 

co u p le d to t he internat-How-passage for n : e€eMng4bfbrte ant during ra dial 
expansion-and plastic d e f ermafen-o- f the tubul ap-rReffibefr 
wherein the sliding angle is tess4ton-or equal to 30 d egree s ; and 
wherein l ubr i ca n ts-stare d i n a reservo i r w ith-ete ctrodes t h at are ele ct ric ally co u pled a 




compri si ng: 

o Ipn riin n no r t i n n iA/ifh an r\\ it at o irf.QPQ* 

O iC'CtVJ t I lu ^JKJl t1X7t i^V v 1 1 1 I Oi l KJXA tC?1 O O Otlry 

internal fl o w pas s ag e in t he l eadi n g po r tio n ; 
aHeast-ene ci r cum fe tefttiak^r^^ 

GQUfiled to the int er nal flow pass ag e for rec e iv ing lub r i cant dwifi g radial 

expaRsien^Rdi^lastte^ 
a4apefed^ertoR~wi th an o ute r s u rfaeei 
iRtefreWew^as^ 

a^east-oRe^rcumferer^ gr oove OR4he-ou-teHsurfa€e of the 4apered-porti on fluid i cly 
Geupled4e4he4RteR^^ 

expaffsien-aRd-ptas tic d ef orma feR-o f the tubular mem ber 
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wfoer-eif^iubr i caR^ 



4364 . An e xpansion d e vice f or r a di a l ly e xpandin g an d p l astically deforming a tubu l ar memb e r, 
c omp rising 

a-leadlng-^riionA/^ 

inter n al fl o w passage in th e l e ad i n g p o rt io n ; 

a t least one circumf ere ntial gr oov e on th e out e r surface of t he t ap e r ed p ortion fl u idicly 
coup l ed to t h e i nternal flow passage for re c ei vi ng l ubr ica nt during r ad ial 
e x p ansi on and pl ast ic d e fo rm at i on of th e t ub ula r m em b er; 

a4apered p o rtio n with an o ut e r surfa ce; 

inte rna l f low pass ag e iR4he4apefe4^o rt i on ; and 

aMeast on e circu mfe r ential gr oo v e on the outer surface of t he ta p ere d-p ort i o n fluid i cl y 
coupled to the internal-flow passage for receiving lubrioant-d-u ring r ad-iat 
expansien-and-pl a st i c de f ormation of the tufe u l ar member 

wherein the lu b rican t in4i^teadin g p or t i o n is at pressure different fro m -tk€4 ub rican t in 
th e t ap e r ed po rt ion^and 

Gapaetor4n4fre-expans40fvd^ o f t h e 

e x pan si on device b etween the tubular membe r a n d th e expansion device w h en 
the ca pacit o rs discha fgesr 

4£§§^^n^^ansfOfhdeviee^ 

a4ea4lng po r t i o n wife-an-oute^surfacei 




in t e r nal flo w pa s sa ge in the4eading portion; 

aUeas-t^ne-eiroumfef&ntlat-^foeve-on the o^tensuffaGe-ef4he4apefed-po rtio n fl uldlely 
e9Bpled4o4ke4nte mal flow pas s a ge f or rec e i v in g 4ubfioa nt du r i n g r a di a l 
e x pan si on^n4-fitas-tio4efofma ti on o f t^tu^ulaFmembefi 

a tapered portion w ifrHan^uteF-suffacei 

Intemal-ftew-passage-i-n-t^e-tapered po rti on; a nd 

at l e ast one c ir cumf efenfel-greove-^aving a first edge and a s eGond-ed§e-with-a~seoond 
predetefmined^idlnf^ngl^ 
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expansion an d p lasflc-defefma ti o n o f th e t u b ular m e m befi-wbefe in th e s econd 
sli din g a n g4e is less th an o r e q ual to 30 de g ree s , 
w herein lub r i cant is s t o red i n a ro GerA/ok^kb-eleotfodes t h a t are e l e ctr ic al ly co upl e d a 
capacit or i n t h e expansion d evi ce a n d is injected through at lea st a portion of th e 
expansion devj-ce-bet-ween-the tu bul aHqaembe^ 
th e cap ac it o rs discharg e s. 

13 66 . An ex pans i o n device fo r rad ial l y e xpanding and plasti call y deformi ng a tubul a r member 
Gomp4sta§4 

a leading p orti o n w ith an outer surface; 

internal-flow p assag e i n the l e ading port i on; 

aNeas^one-Gtf cu mferential gr oeve-on-tbe o ut e r surf a c e o f t h e t apered p orti o n fluid i cly 
co upl ed to t h e ifvtemal-flow-pass ag e fo r r e cei v in§4ubfte ant d uring r a di al 
expans io n and pla stic d efo rma ti o n of th e tubular m ember 

a4a pef ed-port-ion-with-a n out e r surface; 

internal flow passage in the tapefed-porti on ; and 

aMeast-ene circ u mfe r e nti a l groov e h a v in g a f i rst edge-and-a-secon d e d ge wi th a s econd 



couple d t o the i nter n al4low~ftassage f or reeei v ing l u br4eafrt-duftag rad ia l 
expar^ieB^nd-f^astic-defoffRafe n of the-tobula^membeR-whefefR4he-$ecQRd 
sl id ing an g l e is less than o r equal to 3 0 deg re es., 
whefein lubricant i s st o red4f^a^esefvefP-with ete c trodes4hat-are e lectrically co up led a 
capacitor i n th e ex p an s io n d ev ice and is inject ed thro ug h at l ea st a p orti o n o f t h e 

the capa oi t o r s d isc h a r ge s . 

13 6 7. An e xp a ns ion device f o r radially expandi ng a nd plastically d efo rm i n g a tubul ar m e mb e r, 

a le a ding p o rti o n w ith-a n o ut e r surfac e ; 
internal-flow p a ssage iR4he-leadi ng po rt ion 

aUea-st o n e ci rc u mfe r e ntia<-gfQeve-eFi4 h e o ut er su #aoaa£4be4aper ed por ti on f luidtely 
Gouged to t h a-i-nte-Fn a l f l o w pa s s age for reeeivif>§-4ufa^^ 
e xpansio n and-plastio-deformat i on o f the tubular membe r fror^the-tatefRal4low 
passagoi 
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atrleast- -one ci r cu mf e r e nt ial- groove having a f i rst -e^ ge and a -secon d e dg e w it h a sec o n d 
pre d eterm i ne d s l id i ng ang l e o n t h e out e r surface of the tap e red portion fluidicly 
coupled to the internal fle w pas s age for receiving lubric an t du r in g radial 

s l i di n g a ngl e is less -th an or e qual to 3 0 deg-reesf 
whef©u^he4b^ 

th e ta p e red port i o n , an d 
whefeifi4brt3fte^ 

capacitor in the expansion de v ice- and i s i nj e cted t hr o u gh a t least a portion of the 
expansion d e vic e b et w een th e tubu l ar memb er a nd th e expansion d evice when 
tfre-eapaeiters d i s charges 

38. A method of increasing a collaps£_strenqth of a tubular member after a radial 
expansion and plastic deformation of the tubular member using an expansia n_de yjc^ 
comprising : 

reducing a coefficie nt of friction between the tubular member and the expansion 
device during the radial expansion and plastic deformation of the tubular 
member: and 

4368. A-system f or ra dially e x pan di n g and-p I a s t i ca Hy-deferffHRg-a reducing a ratio of a 
diameter of the tubular member iwing-no n - uniform to a wall thickness T 
€0mprising:means4o^fH^to device having one or more 

expans io n s urfa ces and a tapered p orti o n h a v i ng a t a p e r ed faceted p ol ygonal 
eute^xpansien^-u^ of the tubular memberfand-means 

f o r displa ci ng th e e x pansio n devic e r e lative to th e tubular m e mber to radi aHy 
expan d and p l astical l y deform th e tubu l ar memb e r . 

1368.39, A system for radially expanding and plastically deforming a tubular member, 
comprising: 

a tubular member: and 

an expansion cone of D53 matenal-hav^ 
W^ de^jcejLQsitioned within thejubular member; 



141 



25791.305.05 



wherein the coefficient of friction between the tubular member i s coa t e d w ith 
P-T-F-Evand the expansion device is less than 0.075: and 

4£§ 9 . A s yst e m for ra d i a ll y e xpanding and pl a st ica lly de formin g a tu b ul ar m e m ber 
h a ving a n on - un ifefm-wall thickness. compris4n§4 wherein the ratio of the 
djjmgtgLSf the tubular member to_ajwaMhjdm^ of the tubular member 
is less than 21,6. 

40. A method of radially expanding and plastically deforming a tubular member using 
an expansion device* comprising-a-plurality o^eifeumfe fenti a lly spa ced a part e xp a nsion 
eleme nts; an di 

quenching and tempering the tubular member: 

positioning the tubular member within a preexisting structure; and 

radially expanding and plastically deforming the tubular member. 



41. A_radially expandable and plas tically deformable tubular member, comprising: 
a yield st rength ranging from about 40.0 ksi to 100.0 ksi; 

a, ratio of the_yield strength to a tensile strength of the tubular member ranging 
from about 0.40 to 0.86; 

m e an s for displacing the expansion device in a longitudinal direction relative to the 
t u bular m e mber during the radi a l e xpans i o n a nd pl a s t i c d e format i on 
PFOGessr elongation of the tubular memberprior to failure ranging from 
about 14.8% to 35.0%: 

avvjdth reduction of the tubular member prior to failure ranging from about 30% to 
45.0%: 

a width thickness reduction of the tubular member prio r to failur e ranges from 

about 30.0% to 45%: and 
an, anisotropy of the tubular member ranges from about 0.65 to 1 .50. 

42. A method of manufacturing a tubular member, comprising: 
fabricating a tubular member having intermediate properties; 
positioning the tubular member within a preexisting structure: 

radially expanding and plastically deforming the tubular member withJnihe 

preexisting structure: and 
baking the tubular member within the preexisting structure to convert one or more 

of the intermediatejroperties to final properties. 
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